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TRANS  WORLD  AIRLINES  |NC  KANSAS  CITY  mO 

HIGH  EFFICIENCY  SILICON  SOLAR  CELLS  <U> 

DEC  60  IV  LAMOND.PlERRE JbERMAN»PaUL I 

CONTRACT!  D A36  039SC852S0 
monitor;  arpa  ao  S9 

UNCLASSIFIED  REPOpT 


DESCRIPTORS*.  •POWER  SUPPLIES*  .SOLAR  CELLS*  CALIBRATION* 
COATINGS,  CRYSTALS,  design,  DIFFUSION,  effectiveness, 
electron  irraojation,  materials*  photosensitivity, 
damage,  radiation  effects,  reflection,  semiconductors, 
SILICON,  tests  tu> 

A SUMMARY  is  pRESENTEO  Or  THE  PROCESS  USED  AT 
TPANSlTRoN  for  the  p ON  n SOLAR  cells,  these 
have  been  SUPERSEDED  by  the  MORE  RADIATION  RESISTANT 
n on  p type  cells,  problems  in  optimizing  the 

JUNCTION  DEPTH  OF  SOLAR  CELLS  ARE  OIScUSSED.  THE 
RESULTS  of  OIfFUSION  EXPERIMENTS  are  PRESENTED. 

The  CALIBRATION  Of  solar  cell  STAnD-AROS  AND 
ARTIFICIAL  UgHT  systems  FOR  the  TESTING  of  solar 
cells  is  discussed,  special  ATTENTION  is  given  to 
the  problems  encountered  in  using  a tungsten 
ARTIFICIAL  LIGHT  SOURCE  to  DETERMINE  the  EFFICIENCY 

OF  SOLAR  cells*  experimental  results  are  presented 

WHICH  VALIDATE  the  THEORETICAL  DI5CUSSI0N.  RESULTS 
of  electron  bombardment  experiments  on  p on  n and  n 
ON  P SOLAR  CELLS  ARE  GIVEN  WHICH  SHOW  ThE  N ON  P CELl 

structure  to  be  approximately  five  times  more 

RESISTANT  to  DAMAGE  by  2 MEV  and  700  «EV 
ELECTRONS.  ELECTRON  BOMBARDMENT  EXPERIMENTS  on  n 

on  p cells  fabricated  at  transitron  are  presented 

WHICH  AGREE  WITH  THE  RESULTS  OBTAINED  WITH  THE 
SIGNAL  CORPS  n on  p cells.  The  FABRICATION  of 
transjtron  Radiation  resistant  n on  p solar  cells 

IS  DISCUSSED  AND  THE  PROCESS  AS  DEVELOPED  SO  FAR  IS 
GIVEN.  (AUTHOR)  <U) 


1 

UNCLASSIFIED 


/Z0M07 


UNCLASSIFIED 


ooc  REPORT  bibliography  search  control  NO.  /Z0MO7 
AO-  257  HRs 
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research  detected  toward  ThE  IMPROVEMENT  of  The 
EFFICIENCY  of  SILICON  BATTERIES  BY  UTILIZATION  OF 

un absorbed  photons 
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UNCLASSIFIED  REPORT 


DESCRIPTORS!  *power  supplies.  •SILICON,  *solar  cells* 
ABSORPTION,  COATINGS,  dTES,  effectiveness,  infrared 
RADIATION,  INSTRUMENTATION,  PHOSPHORESCENT  materials, 

, photographic  chemicals,  photons,  reflection, 
/sensitivity,  solar  radiation,  surfaces,  test  methods, 

r ULTRAVIOLET  RADIATION  (U> 

A/TEffrhjU  WERE  MAOE  TO  INCREASE  THE  POWER  OUTPUT  OF 
/!  SolaV  CELLS  BY  SENSITiZiNG  ThE  CELLS  TO  THOSE 
#egionS  in  which  they  do  not  respono,  <uv  and  ir» 

M AND  BY  INCREASING  THE  ABSORPTION  AND  EFFICIENCY  OF 
f THE  CELLS  IN  the  SPECTRAL  REGIONS  IN  WHICH  THEY  DO 
RESPOND.  THREE  METHODS  WERE  STUDIED!  (I) 

COATING  THE  cell  SURFACE  WITH  PHOSPHORS  WHICH  ABSORB 

i t h e uy  and  blue  Region  and  fluoresed  IN  the 
REGION  OF  RESPONSE  OF  THE  SOLAR  CELL  <0,*»5  TO  I .0 
Xicronsi  ano  with  dye  energy-transfer  agentsi 

y ( 2 > APPLYING  aNT I REFLECT  I ON  COATINGS  TO  ThE  CELL 

f surface  for  the  region  of  response:  and  i » 

APPLYING  DYE  SENSITIZERS  FOR  THE  IR  REGION. 

ADSOHlhr^ON  AND  RESPONSE  OF  Si  SOLAR  CELLS  WAS 
OPTIMIZED1- BY  J NDUSTRY  IN  ThE  REGION  0.R5  TO  1,0 
ANGSTROMS.  SENSITIZATION  OF  THE  CELLS  BY  PHOSPHORS 
IN  The  UV  region  is  FEASIBLE  but  the  intensity  of 
fluorescence  required  to  drive  the  cell  appears  to  be 
/ GREATER  than  that  easily  ACHIEVED  BY  SURFACE  COATING, 
NEITHER  SENSITIZATION  by  CHEMICAL  SENSITIZERS  in 
THE  UV  REGION  NOR  BY  DYE  SENSITIZATION  IN  THE  IR 
REGION  APPEARS  TO  BE  POSSIBLE.  <U) 


2 

UNCLASSIFIED 


/Z0M07 


ass?- 


UNCLASSIFIED 

ODC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  no.  /ZOM07 
AD-  258  660 
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COATinOS  for  solar  cells  (U> 
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UNCLASSIFIED  REPORT 


DESCRIPTORS!  »COATiNGS,  *inf*ared  radiation,  ^optical 
COATINGS,  *SOlaR  CELLS,  *THIN  FILMS  (STORAGE  DEVICES), 
•ULTRAVIOLET  RADIATION,  ABSORPTION,  blackbody  radiation* 
DIELECTRICS,  INFRARED  OPTICAL  MATERIALS*  MATERIALS, 
PLASTICS,  POLYMERS,  REFLECTION,  REFLECTOmETERS , 
SEMICONDUCTORS,  SILICONES,  SPECTROPHOTOMETERS  (U) 

the  theoretical  basis  for  the  reflectance  of 
dielectric  materials  in  the  ultraviolet  and  the  near 
infrared  was  reviewed,  as  well  as  the  properties 

REQUIRED  for  high  EMISSIVITY,  IT  WAS  CONCLUDED  THAT 

single  Thin  film  coatings  alone,  of  i micron  or  less 
in  thickness,  can  not  provioe  either  adequate 
EMISSIVITY  or  HIGH  SELECTIVE  REFLECTIVITY  OF  THE 
wavelengths  required  and  still  show  high 

TRANSMISSION  FROM  O.RS  To  l.I  MICRON.  A HIGH 

emissiVity  was  found  to  be  the  most  important  single 
method  of  rejecting  energy  in  space,  therefore 
ATTENTION  Was  directed  primarily  toward  ACHIEVING 
MAXIMUM  EMISSIVITY.  EMlSSlVlTlEs  OF  THE  ORDER  OF 
0.9  can  only  be  obtained  using  COATINGS  OF  SEVERAL 
MILS  THICKNESS*  SILICONE  COATTNGS  WERE  FOUND  TO  BE 
VERY  simple  AND  INEXPENSIVE  to  apply,  and  within  the 
ACCURACY  of  AVAILaLE  data  to  SHOW  a PREDICTED 
PERFORMANCE  in  space  equivalent  to  the  presently  USED 
ultraviolet  reflecting  coated  cover  glasses. 

NUMEROUS  LABORATORY  TESTS  of  LIMITED  time  DURATION 
HAVE  SHOWN  THE  SELECTED  SILICONE  COATING  TO  BE  STABLE 
TO  The  EXPECTED  ENVIRONMENTAL  CONDITIONS  during 
STORAGE  as  WELL  as  in  space.  (AUTHOR)  (U> 
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design  study  for  advanced  solar  thermionic  power 
systems  item  III.  ELECTRICAL  CHARACTERISTICS  study  « u I 
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unclassified  report 


descriptors:  •plasmasiphysicS) , *po*er  supplies*  •solar 

cells,  ‘Thermionic  emission,  cesium*  design*  diodes* 
direct  current,  effectiveness,  electrical  properties. 

ELECTRON  IRRADIATION,  GENERATORS,  solar  radiation,  SRaCE 
ENVIRONMENTS,  tests,  theory,  vacuum  apparatus,  VAPORS, 

VOLTAGE  REGULATORS  |U» 

i* 

RESULTS  of  a THEORETICAL  and  experimental  study  of 
ELECTRICAL  CHARACTERISTICS  OF  CESIUM-vAPOR  and  vacuum 
thermionic  generators  are  presented,  the  results 

INDICATE  THAT  A NON-OPTIMIZED  CESIUM  CONVERTER  CAN 
GIVE  THE  PREDICTED  PERFORMANCE.  A WIRg  SPACER 
TECHNIQUE  for  vacuum  DIODES  was  investigated  and 
PROVEN  ENTIRELY  SUCCESSFUL.  THIS  TECHNIQUE  OFFERS 

substantial  advantages  over  Sapphire  spacers  and 
j SIMPLIFIES  considerably  the  design  for  the  250-WATT 

VACUUM  GENERATOR,  the  RESPONSE  OF  BOTH  CESIUM  AND 
I VACUUM  GENERATORS  TO  SUOOEN  CHANGES  IN  LOaD  APPEARS 

I TO  be  INSTANTANEOUS  FOR  ALL  PRACTICAL  PURPOSES* 

I thereby  permitting  the  use  of  switching  type  voltage 

f REGULATORS  WHICH  OFFER  PARTICULAR  ADVANTAGES  IN  SPACE 

I APPLICATIONS.  IAUTHOR)  <U> 
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SOLAR  SPECTRUM  SIMULATOR.  SPACE  ENVIRONMENT  SIMULATOR 
FOR  TESTING  SOLAR  CELLS  tU> 

NOV  60  IV  ST ICFNEY ,RILL ! AM  W . t 
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descriptors:  *solar  c£lls,  *SOLAR  SPECTRUM,  »space 

ENVIRONMENTS,  *RGON,  OPTJcS,  PLASMA  JETS, 
PLASMAS<PhYSICS) ♦ PRESSURE,  QUaRTZ,  SIMULATION,  TEST 
METHODS,  TESTS,  THERMAL  RADIATION,  VACUUM  APPARATUS  (U) 

A DEVICE  IS  To  BE  DEVELOPED  WHICH  WILL  SIMULATE  THE 
SPACE  ENVIRONMENT  SO  THAT  THE  PERFORMANCE  IN  SPACE  Of 

solar  cells  and  arrays  of  them  can  be  realistically 

EVALUATED  IN  THE  LABORATORY.  THE  ENVIRONMENT 
INCLUDES  THREE  BASIC  PARAMETERS:  SOLAR  RADIATION, 

pressure,  and  thermal  conditions,  an  aRgon 
stabilized,  dc.  plasma  arc  was  developed  as  a light 
SOURCE  To  SIMULATE  The  SOLAR  RADIATION  in  both  COLOR 
DISTRIBUTION  and  INTENSITY  FROM  0,2  To  2.0  MICRONS 
WAVELENGTH,  a vacuum  CHAMBER  with  liquid  nitrogen 
cooled  walls  was  BUILT  To  SIMULATE  the  effects  on 

SOLAR  CELLS  OF  PRESSURE  AND  THERMAL  CONDITIONS  IN 
SPACE,  (AUTHOR)  <U> 
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DESCRIPTORS*.  ^MANUFACTURING.  • POWER  SUPPLIES.  • SOLAR 
CELLS,  CADMIUM  COMPOUNDS,  CONTROLLED  A TMOSPH-RES , 
CRYSTALS,  DESIGN,  DIFFUSION,  ELECTRICAL  PROPERTIES,  HIGH 
TEMPERATURE,  INTERMETALLIC  COMPOUNDS,  MATERIALS,  optics. 

processing,  production,  semiconductors,  single  crystals, 

TELLUR  I DEs , TESTS,  THERMAL  STRESSES  (U) 

EMPHASIS  WAS  PLACED  ON  FORMING  P-TYPE  LAYERS  ON  N- 
TYPE  ZONE  LEVELED  CDTE  BY  VAPOR  DIFFUSION  IN  THE 
RECENTLY  ACQUIRED  MULTIPLE  ZONE  FABRICATION  FURNACE. 

LOW  TEMPERATURE  DIFFUSION  FABRICATION  STUDIES  WERE 
EMPHASIZED  ANq  JT  IS  SHOWN  THAT  SHALLOW  AND  DEEP 
JUNCTIONS  CAN  BE  FORMED  AT  500  C.  ELECTRICAL, 

THERMAL  AND  OPTICAL  STUDIES  OF  THE  N-TYPE  BASE 
MATERIAL,  AND  SPECTRAL  RESPONSE  CURVES  OE  THE 
completed  solar  cells  are  included,  combined 
OPTICAL  TRANSMISSION  and  spectral  response  CURVES 
SHOW  THAT  the  absorption  coefficient  versus 
wavelength  has  a slope  similar  to  silicon  rather  than 

TO  GaaS  or  INP  which  J5  FAVORABLE.  LOW 
temperature  fabrication  is  shown  to  be  possible  and 

IS  AOVANCEO  AS  an  ARGUMENT  FOR  CDTE  SINCE  LESS 
FABRICATION  disorder  is  EXPECTED  COMPARED  to  high 
TEMPERATURE  FABRICATION.  HOWEVER,  the  room 
TEMPERATURE  conversion  EFFICIENCIES  Of  CURRENT 
COTE  SOLAR  cells  ARE  STILL  LOW  COMPARED  TO 
SILICON,  BUT  THE  STILL  EARLY  STaTe  OF  THE  ART  OF 

cote  is  stressed,  preliminary  high  temperature 

PHOTOVOLTAIC  EXPERIMENTS  TEND  TO  CONFIRM  THE  USE  OF 
COTE  COMPARED  TO  SILICON.  (AUTHOR)  (U> 
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descriptors:  -damage,  ^radiation  effects,  *solaR  cells* 

•space  ENVIRONMENTS*  INSTRUMENTATION,  POWER  SUPPLIES* 
proton  BEAMS,  PROTONS,  RADIOACTIVATION  ANALYSIS, 

SILICON.  SIMULATION 

the  performance  Was  evaluated  of  commercially 
available  silicon  solar  cells  which  are  to  be  used  as 
a power  source  in  the  space  Radiation  field 
surrounding  the  earth,  the  experiment  was 

SPECIFICALLY  DESIGNED  TO  PROVIDE  INFORMATION  on  The 

proton  radiation  encountered  bt  solar  cells 
OPERATING  IN  SPACE,  the  RESULTS  INDICATED  THAT  A 
258  RfDUcTION  IN  MAXIMUM  POWER  OUTPUT  OF  THE  CELL 

occurred  at  integrated  fluxes  of  approximately  5 x io 

TO  The  9 TH  and  lOTH  POWER  PROTOnS/SQ  <;M  for  3-me v 
AND  13-MeV  PROTONS,  RESPECTIVELY.  THE  CELLS  WERE 
FURTHER  IRRADIATED  to  OBTAIN  A REDUCTION  in  MAXIMUM 
POWER  OUTPUT  oF  ABOUT  HO  TO  508,  ROOM-TEMPERATURE 

annealing  of  the  cells  Was  observed  foR  a period  of 

FOUR  WEEKS  WITH  NO  SIGNIFICANT  CHANGES  OCCURRING. 

The  PrOTon  SOURCE,  The  APPARATUS  for  MEASURING  the 
ELECTRICAL  output  of  the  solar  cell,  and  the  results 

OF  The  EXPERIMENT  ARE  PRESENTED,  (AUTHOR)  (U) 
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descriptors:  *0XI0ES,  *power  supplies,  »solaR  cells* 

•solar  Radiation,  «sulfur  compounds,  cadmium  compounds* 

CATALYSTS,  CHEMICAL  REACTIONS,  DECOMPOSITION, 

electrolytic  cells,  gases,  hydrogen,  laboratory 
equipment,  liquids,  peroxides,  photochemical  reactions, 
regeneration,  stnthesis,  tellurides,  temperature, 
thermochemistry,  zinc  compounds  <u> 

PHOTOCHEMICAL  SYNTHESIS  of  H2o2  and  The 
COMBINED  THERmAL-PHOTOCHEMICAL  DECOMPOSITION  were 
STUDIED  for  The  ULTIMATE  POSSIBILITY  of  USING 
SUNLIGHT  FOR  REGENERATIVE  ELECTROLYTIC  CELLS,  OR  FOR 
THE  PURPOSE  OF  MAKING  H202  FOR  OThER  HIGH  ENERGY 

applications,  theoretical  analysis  of  the 

PHOTOLYSIS  and  THERMAL  DECOMPOSITION  OF  S03 
STRONGLY  INDICATED  THAT  a COMBINATION  Of  a 

photochemical  and  thermal  decomposition  would  not 

YIELD  A DECOMPOSITION  GREATER  THAN  THE  2 PROCESSES 
USED  SEPARATELY.  H202  SYNTHESIS  WAS  ACCOMPLISHED 
IN  both  LIQUID  AND  GASEOUS  STATES  USlN«  CADMIUM 
telluride  and  zinc  OXIDE  AS  PHOTOCATAlYST.  WITHOUT 
ORGANIC  ADDITIVES  IN  THE  LIQUID  PHASE,  NEITHER 
CATALYST  SHOWS  ANY  PROMISE.  IN  THE  PRESENCE  OF  THE 
ADDITIVES.  THE  REACTIONS  ARE  ALWAYS  EXOTHERMIC  AND 
CONSEQUENTLY  OF  NO  VALUE  FOR  ENERGY  CONVERSION. 

(AUTHOR*  ( U I 
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descriptors:  *solar  cells,  adhesives,  airborne,  cadmium 

COmPOUnOS,  COATInGSi  materials.  PHOTOELECTRIC  cells 
(SEMICONDUCTOR),  PHOTOTUBES,  PLASTICS,  PO*£R  SUPPLIES, 

reliability,  single  crystals,  sulfides  iui 

PRELIMINARY  SPECIFICATIONS  are  given  eOR  two 
OPTIMIZED  SOLaR-CELL-aRRaY  SYSTEMS.  The  primary 
OPTIMIZATION  CRITERION  APPLIED  was  to  obtain  the 
MAXIMUM  ELECTRICAL  POWER  CONVERSION  Of  SOLAR  energy 
IN  SPACE  PER  UNIT  OF  system  HEIGHT,  CONSISTENT  HITh 
REQUIRED  MINIMUM  RELIABILITY  and  MAXIMUM  PERMISSIBLE 
PACKAGED  VOLUME.  SPECIFIcAREAS  CONSIDERED  are, 
PHOTOVOLTAIC  MATERIALS,  CRYSTAL  CONVERSION,  solar 
CELL  CIRCUIT  SIMULATION,  ARRAY  INTERCONNECTION 
OPTIMIZATION,  ADHESIVES,  array  STRUCTURES,  FOaM 

inflation,  thermal  design,  temperature  and  intensity 

EFFECTS,  and  LAUNCH  ENVIRONMENT.  ( AUTHOR  > (U» 


UNCLASSIFIED 


odc  report  bibliography  search  control  no.  / zomo? 
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investigation  of  optical  coatings  for  solar 
cells 
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UNCLASSIFIED  report 


DESCRIPTORS:  MNFRaREO  FILTERS,  ^OPTICAL  COATINGS.  *RaRE 

EARTH  tOMPOUNOS.  *S'*LAR  CELLS  ? ADHESIVES,  SET* 

PARTICLES,  8LACFB0DT  RaOIaTiON,  BONDING.  COATINGS. 
FLUORIDES,  INFRARED  RADIATION,  OX YFLU0R I OES . POWER 
SUPPLIES,  RADIATION  EFFECTS,  RARE  EARTH  ELEMENTS, 
REFLECTION,  SATELLITES  (ARTIFICIAL).  SILICON,  SPACE 

environments,  stability,  tests,  theory,  thermodynamics* 
vapor  plating,  wave  propagation  <u» 

The  USE  OF  SPECTRALLY  SELECTIVE  COATINGS  AS  FILTERS 

for  si  solar  cells  is  under  investigation  with 
primary  emphasis  on  auxiliary  power  systems  for  space 
VEHICLES,  a general  study  of  the  thermal  balance 
of  a solar  panel  in  space  and  the  rfsultany  effect  on 
array  efficiency  were  EXAMINED,  the  diffuse 
SPECTRAL  REFLECTANCES  and  SPECTRAL  SENSITIVITIES  of 
TYPICAL  SI  CELLS  ARE  BEING  REOETERM I NeD . THE 
PHYSICAL  PROPERTIES  AND  ENVIRONMENTAL  CHARACTERISTICS 
OF  STATE-OF-THCART  coatings  are  being  studied  and 
MEASUREMENTS  oF  ThE  SPECTRAL  TRANSMITTANCE, 

REFLECTANCE  and  EMITTaNCE  FOR  CELL  COaTINqS  ARE  BEING 
OBTAINED,  ENVIRONMENTAL  tests  included  humidity, 
high-  and  LOW-TEMPERATURE  STORAGE,  temperature  shock, 
VACUUM  STORAGE  ANO  uv  and  beta  IRRADIATION. 
adaptation  of  the  spectrolab  i*  window  coating 

TO  SI  SOLAR  CELLS  IS  BEING  STUDIED.  (AUTHOR)  (U) 


10 

UNCLASSIFIED 


/Z0M07 


UNCLASS!* ied 


ODC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  /Z0H07 


AD-  271  599 

spectrOlab  sylmar  calif 


investigation  of  optical  coatings  for  solar 
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contract!  D A 36  039SC8528R 
MONITOR:  ARPA  00  59 

UNCLASSIFIED  REPORT 


(U> 


DESCRIPTORS:  ^OPTICAL  coatings,  .SOLAR  CELLS,  GLASS, 

POWER  SUPPLIES.  PROTECTIVE  COVERINGS,  SE  M I COKDUC  TORS  . 
SOLAR  RADIATION,  TESTS 


THE  USE  OF  SPECTRALLY  SELECTIVE  COATINGS  a5 
FILTERS  for  SILICON  SOLAR  CELLS  Was  STUDIED,  the 

thermal  balance  of  a solar  panel  in  space  and  the 
RESULTANT  effect  on  array  EFFICIENCY  was  EXAMINEDl  a 
SPECIFIC  EXAMPLE  IS  STUDIE0*  the  PHYSICAL 
PROPERTIES  and  ENVIRONMENTAL  CHARACTERISTICS  of 
STATE-OF-THE-ART  COATINGS  WERE  STUDIED* 

MEASUREMENTS  oF  THE  SPECTRAL  TRANSMITTANCE. 

reflectance  and  emittance  for  coated  cells  were 
obtained,  environmental  tests  INCLUDED  HUMIDITY, 
high  and  low  temperature  storage,  temperature  shock, 
vacuum  storage,  and  ultraviolet  and  BETA  irradiation 
(AUTHOR)  > 


(U> 
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SOLAR  ORIENTING  DEVICE  FOR  EXPANDABLE  FLAT-PANEL 

array  (U» 

Jan  62  IV  MCKEEL.G.J.; 

UNCLASSIFIED  REPORT 


descriptors:  *electric  POWER  PRODUCTION*  *solar  CELLS, 

design,  DETECTION,  ENERGY  CONVERSION,  FEASIBILITY 
STUDIES*  FOCUSING.  POWER  SUPPLIES.  ROTATING  STRUCTURES, 
SENSITIVITY,  SOLAR  RADlATlON.  SUN,  TESTS,  THERMAL 

radiation,  tracking  <U> 

identifiers:  rotating  structures  (M) 

the  effects  of  solar  declination  change  on  the 
total  angular  error  OF  The  array  and  the  position  for 
MOUNTING  the  sun  SENSOR  are  TREATED.  CURVES  of 
total  angular  error  versus  DECLINATION  change  for 
various  values  of  the  tracking  drive  eRROr  are 

PRESENTED,  an  EXAMPLE  IS  OUTLINED  FOR  CALCULATING 
The  POSSIBLE  PERIOD  OF  UNATTENDED  OPERATION  OF  THE 

solar  orienting  oevicf  and  its  array  for  a particular 

SET  OF  INITIAL  CONDITIONS  WHICH  CONTAIN  A CONSTANT 
declination  value,  the  tracking  rate  for  the  array 
IS  EXAMINED  To  OBTAIN  an  INSIGHT  INTO  SOME  OF  THE 
IMPORTANT  PARAMETERS  AFFECTING  ITS  OPERATION,  the 
REQUIREMENTS  for  automatic  declination  CONTROL 
APPLICABLE  TO  THE  solar  orienting  device  were 
EXAMINED,  and  a feasible  APPROACH  TO  the  SENSOR  is 
presented,  a CIRCUIT  DIAGRAM  ILLUSTRATES  the 
additional  hardware  needed  for  TWO-AXlS  automatic 

CONTROL.  SENSOR  MODIFICATION  is  DISCUSSED  FOR  THE 
PURPOSE  OF  REMOVING  THE  DEAD  ZONE  WHICH,  UNDER 
CERTAIN  TRACKING  CONDITIONS,  C*N  OCCUR. 

EXPERIMENTAL  RESULTS  GAINED  FROM  THE  BREADBOARD 
MODEL  OF  THE  MOUNT  AND  DRIVE  UN  I T ARE  GIVEN,  AND  THE 
SUN  SENSOR  ACCURACY  IS  ALSO  OBTAINED,  PHOTOGRAPHS 
OF  The  BREADBOARD  MOUNT  AND  SUN  SENSOR  A RE  INCLUDED* 
(AUThqR)  (U) 
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unclassified  report 


DESCRIPTORS:  •CADMIUM  COMPOUNDS.  *fuel  cells,  •iodides. 

•POWER  SUPPLIES,  *SOLAR  CELLS,  *TIN  COMPOUNDS,  BROMIDES, 
COPPER  COMPOUNDS,  DISSOCIATION,  DYES,  ELECTROCHEMISTRY, 

energy  conversion,  LEAD  compounds,  photochemical 
REACTIONS,  PHOTOSENSITIVITY,  solar  RADIATION, 
TEMPERATURE,  THERMOCHEMISTRY,  THERMODYNAMICS  (U) 

A REGeRERATI VE-TYPE  FUEL  CE>-L,  WITH  REGENERATION 
based  On  THE  THERMAL  DISSOCIATION  OF  cDl2  OR 
SN 1 2 , W AS  SHOWN  TO  BE  UNFEASIBLE*  THE 

theoretical  evaluation  of  the  thermodynamics  and 
HIGH-tEMpER-ATURE  KINETICS  of  BOTH  SYSTEMS  SUPPORTS 
The  NEGATIVE  experimental  findings,  the  metal- 
molten  Salt  thermocell  was  based  on  a large  thermal 
gradient  across  the  electrolyte  which  generates  a 
POTENTIAL  BETWEEN  hot  and  cold  METAL  tO  ELECTROLYTE 
JUNCTIONS,  the  VALUES  OF  OE/OT  (In  MICRO  v/ 

deg),  the  change  of  potential  with  temperature 

DIFFERENTIAL,  WERE  EXPERIMENTALLY  DETERMINED  and 

Ranged  from  -30  To  -100.  a system  is  sought  where 
de/dt  IS  on  The  ORDER  OF  SEVERAL  HUNDRED  micro  V/ 
deg.  the  DOUBLE  THERMOGALVANIC  cell  UTILIZES  an 
ELECTROLYTIC  cell  OPERATING  XT  ELEVATED  TEMPERATURE, 

TO  REGENERATE  THE  REACTION  PRODUCTS  OF  A FUEL  CELL. 
ELECTROLYSIS  OF  CD  1 2 WAS  PERFORMED  WITH 

APPROX IMaTELY  ho-s  current  efficiency:  the  low 
CURRENT  EFFICIENCY  was  ATTRIBUTED  TO  the  solubility 
of  MOlTEN  CD  in  The  FUSED  salt.  PhOTOCHEMICALLY 
REGENERATIVE  SYSTEMS  BASED  on  The  REVERSIBLE 
PHOTOCHEMICAL  bleaching  of  WATEr-SOLUbLE  dyes  were 
STUDIED,  the  PROFLAVINE-ASCORBIC  acid  system  was 
FOUND  To  be  The  MOST  SUCCESSFUL.  (AUTHOR)  <u> 
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solar  cell  array  OPTIMIZATION,  VOLUME  II  <U) 

feb  62  iv 

REPT.  NO.  T R6 1 11  V 2 

contract:  AF 33  616  7 M l 5 

MONITOR;  ASO  Tr61  11  V2 

unclassified  report 


descriptors:  ^electric  poiaer  production*  *solar  cells, 

ADHESIVES,  AIRbORNE*  CADMIUM  COMPOUNDS,  COATINGS,  energy 
CONVERSION,  materials,  photoelectric  cells 

(SEMICONDUCTOR!,  PHOTOTUBES,  PLASTICS,  POWeR  SUPPLIES, 
DAMAGE,  RADIATION  EFFECTS.  RELIABILITY,  SINGLE  CRYSTALS# 
SULFIDES,  THIN  FILMS  (STORAGE  DEVICES)  (U) 

Identifiers:  thin  films,  thin  film  electronics  im) 

THE  ANALYSIS  COVERS  THE  FABRICATION  AND  TEST  OF 
PHOTOVOLTAIC  MATERIALS  AND  DESIGN  OF  SOLAR-CELL 
ARRAYS  FOR  MAXIMUM  CONVERSION  OF  SOLAR  ENERGY  *ITh 

minimum  kkeight.  evaporated  layer  cells  with  AN 

EFFICIENCY  OF  UP  TO  H.S  PERCENT  OVER  ANAREA  OF  1*6 
SO  CM  WERE  FABRICATED.  RESEARCH  ON  CRYSTAL  LAYER 
CONVERSION  REDUCED  THE  TEMPERATURE  FOR 
RECRYSTALLIZATION  FROM  500  C TO  300  C,  TWO 
MODELS  of  SOLAR-CELL  ARRAYS  to  SIMULATE  a 100  SQ  FT 

system  were  fabricated:  the  tele  coping  sail  with  a 

DENSITY  of  0.075  LB  SQ  FT.,  AND  ThE  INFLATABLE  TORUS 

sail  with  a density  of  o.or  lb  so  ft,  the  maximum 
area  OF  INDIVIDUAL  CELLS  WaS  INCREASED  BY  A FACTOR 

of  27,  thickness  of  substrate  reduced  by  factor  of  6, 
and  height  reduceo  BY  FACTOR  of  7.  (U) 
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design  study  of  solar  energy  measurement 

TECHNIQUES.  (U> 

DESCRIPTIVE  note:  interim  REPT.t  Mar  61-15  JAN  62. 

JUN  62  63P  ROSS  .bERND  IBjCKLeR.O.  B. 
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REFT,  no*  TN61  156 
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MONITOR;  aSD  Tn61  156 

unclassified  report 


descriptors:  *solar  cells,  calibration,  computers, 

instrumentation,  light,  tests  <u> 

IDENTIFIERS;  spectra  (M) 

A NEW  PRIMARY  STANDARD  SOLaR  CELL  CALIBRATION 
PROCEDURE  has  BEEN  DEFINED  WHICH  IS  E X P E C T 
PROVIDE  a MOre  NEARLY  ABSOLUTE  BASIS  FOR  DETERMINING 
solar  cell  performance.  A preliminary  DESIGN  FOR  A 
portable  tester  is  set  forth,  the  purpose  of  which  is 
TO  MEASURE  Thf  output  of  solap  converter  power 
SUPPLIES  under  a wide  range  OF  RADIATION  CONDITIONS 
and  EXTRAPOLATE  To  space  Solar  RADIATION  CONDITIONS. 
data  on  SOLAR  CELL  PERFORMANCE  parameters, 

CURRENTS,  VOLTAGES,  ETC.,  aS  a FUNCTION  of  radiant 
energy  INTENSITY  and  temperature  are  presented. 

SPECTRAL  RESPONSE  OATA  ARE  PRESENTED.  (AUTHOR) 

( M ) 
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APPLIED  RESEARCH  PROGRAM  on  HIGh-TEMPeRATuRE 
RADIATION-RESISTANT  SOLAR-CELL  ARRAY,  (Ul 

DESCRIPTIVE  note:  quarterly  technical  progress  rept.  no. 

I.  MAY-JUL  &2. 

AUG  62  1 HP 

REPT.  NO.  AED- l 558 

contract:  af  33<657>-8r9o 

UNCLASSIFIED  REPORT 


DESCRIPTORS!  <*SOLaR  cells),  gallium  COMPOUNDS, 
ARSENIoES,  heat  RESISTANT  alloys,  high  temperature 
RESEARCH,  damage,  radiation  effects,  MEASUREMENT,  TESTS, 
ABSORPTION,  SATELLITES! ARTIFICIAL) , MANUFACTURING, 
PROCESSING  iu> 

EFFORT  Was  made  to  determine  the  TECHNOLOGY 
NECESSARY  for  the  APPLICATION  Of  a HIgH-TEMPERATURE, 
RaDIatIOn-RESiSTANT  array  OF  SOLAR  cells  in  a 
configuration  suitable  to  aerospace  vehicles, 
toward  this  eno,  gallium  arsenide  solaR  cells  are 
being  fabricated  for  temperature  and  radiation  tests, 

AND  EXPERIMENTAL  STUDIES  ARE  BEING  CONDUCTED  TO 
DETERMINE  TECHNIQUES  FOR  FABRICATING  MODULES  and 

arrays,  the  choice  of  gallium  arsenide  solar  cells 
for  this  program  was  dictated  by  the  SUPERIOR  HIGH- 
temperature  and  radiation-resistance  characteristics 
of  gallium  arsenide  as  compared  with  silicon. 

THESE  TWO  MATERIALS  ARE  THE  ONLY  ONES  WHICH  HAVE 
BEEN  EXTENSIVELY  DEVELOPED  FOR  SOLAR  CELL  USE.  THE 
BASIC  PROPERTIES  OF  SILICON  AND  GALLIUM  ARSENIDE  ARE 
SHOWN.  IT  SHOULD  BE  NOTED  THAT  GALLIUM  ARSENIDE 
HAS  A LARGER  BAND  GAP,  HIGHER  ELECTRON  AND  HOLE 
MOBILITY,  AND  A HIGHER  ATOMIC  M*SS  THaN  SILICON. 

THE  HIGHER  band  Gap  ACCOUNTS  for  the  BETTER  high- 
TEMPERATURE  PERFORMANCE  of  gallium  ARSENIDE  cells. 

THE  HIGHER  MOBILITIES  RESULT  IN  LOWER  INTERNAL 
ELECTRICAL  RESISTANCE  and  the  HIGHER  mass  CONTRIBUTES 
TO  A BETTER  RADIATION  RESISTANCE.  GALLIUM  ARSENIDE 
CELLS  HAVE  A POTENTIALLY  HIGHER  CONVERSION 
EFFICIENCY,  BASED  ON  THEORETICAL  CONSIDERATIONS. 

BECAUSE  OF  THEIR  EARLIER  DEVELOPMENT,  SILICON  CELLS 
PRESENTLY  HAVE  a SOMEWHAT  higher  EFFICIENCY. 

( AUTHOR  ) (U> 
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DESCRIPTORS:  *cADMiUM  COMPOUNDS*  *SOL AR  CELLS*  *SOlaR 

RADIATION,  FILMS,  MANUFACTURING*  SEMICONDUCTORS*  SINGLE 
crystals,  SULFIDES  ,U> 

research  on  solar  energy  conversion  employing  cos 
growth,  annealing,  etching  and  orientation  of  cos 
single  crystals  and  films. 
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GALLIUM  ARSENIDE  dendrite  single  crystal  program  iu) 

AUG  62  IV 
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UNCLASSIFIED  REPORT 


DESCRIPTORS:  •ARSENIDES*  *GALL!UM  COMPOUNDS.  *laboraT0RY 

FURNACES,  *SOLaR  CELLS,  CRUCIBLES,  DESIGN,  DIFFUSION, 
EXPLOSIONS,  INTERMETALLlC  COHPOUNDS,  MATERIALS, 
PHOSPHORUS,  SINGLE  CRYSTALS,  TEMPERATURE  CONTROL, 

ZINC  <U» 

A 7 in*  EXPLORATORY  DENDRITE  PULLING  fURNaCE  WAS 
PUT  INTO  OPERATION.  CONSTRUCTION  of  a 2s  in. 

puller  continues,  gaas  solar  cells  were  made  by 

AN  OPEN  TUBE  DIFFUSION  PROCESS*  PRELIMINARY 
RESULTS  have  been  OBTAINED  in  An  INVESTIGATION  or  THE 
FEASiiLITY  OF  PRODUCING  A GRADED  band  Gap  by  open 
TUBE  DIFFUSION  OF  P INTO  GAAS,  IAUTHOR)  jU) 
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descriptors:  *fuel  cells,  *powfR  supplies,  *solar  cells, 

•solar  Radiation,  intermetallic  compounds,  photoelectric 

CELLS  (SEMICONDUCTOR!,  PHOTOTUBES,  SILICON  (U>  1 

i 

THE  CONVERSION  OF  HEL  I CEnE  R GE  T l C S INTO  AN  fj 

INDEPENDENT  AND  IMPORTANT  TECHNOLOGICAL  FIELD  IS  jl 

DISCUSSED*  OUTSTANDING  SCIENTISTS  OF  THE  WORLD  * !: 

INCLUDING  FREDERIC  JOL  I OT -CUR  I E , FEEL  THAT  r] 

HELIOeNERGETIcS  WILL  BE  PUT  ON  AN  EQUaL  FOOTING  WITH  j 

THE  STUDY  OF  ATOMIC  ENERGY.  IN  THIS  CONNECTION  i 

SCIENTISTS  AWaIT  FURTHER  RESEARCH.  (AUTHOR)  <U)  1 
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DESCRIPTORS:  *SOLAR  CELLS,  ARSENIDES.  oESIGN.  ELECTRIC 

connectors,  electric  currents,  Gallium  compounds, 

MEASUREMENT,  MECHANICAL  PROPERTIES,  RadUTiON  effects, 

SILICON,  soldered  joints,  tests  <u> 

production  and  testing  of  gaas  solar  cells. 
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DESCRIPTORS!  •ARSENIDES,  »GALLIUM  COMPOUNDS,  ^single 
CRYSTALS,  *solaR  cells,  crystal  ovens,  crystals, 
EPITAXjAL  GROWTH,  intermetallic  compounds  t u > 

identifiers:  denoRi tesicrystallOgRaphy > im> 

DENDRITIC  gaas  material  has  been  obtained  from 

A 7-in.  EXPLORATORY  PULLING  FURNACE.  THE 

TECHNIQUES  LEARNED  for  STOICHIOMETRY  and  TEMPeRa  ure 

CONTROL  ARE  BEING  APPLIED  IN  THE  CONSTRUCTION  OF  A 

1H-  AND  a 2**-lN,  PULLI  G FUR  ACE  REPRODUC 1 8 1 L I Y 

of  Results  has  been  improved  in  the  opentube 

DIFFUSION  process,  detection  OF  PARTIAL  surface 

CONVERSION  of  gaas  to  gap  by  a reflection 

method  has  been  explored,  (author)  < u » 
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DESCRIPTORS:  •ARSENIDES,  *GALLIUM  COMPOUNDS,  *power 

SUPPLIES,  »S0LaR  cells,  COATINGS,  COPPER,  CRYSTALS, 

diffusion,  electric  potential,  gold,  growth(physiology) , 

MANUFACTURING,  MONOXIDES,  NICKFL,  PLATING.  REFLECTION, 
RUPTURE*  silicon  COMPOUNDS,  SIMULATION,  SINGLE  CRYSTALS, 
SOLAR  RADIATION.  SOLDERING  ALLOYS  (U) 

EFFORTS  TO  IMPROVE  THE  ?IEL  OF  LARGE  AREA  SINGLE 
CRYSTAL  GALLIUM  ARSEN  I OE  AS  WELL  AS  SUPPLYING 
CRYSTAL  FOP  SOLAR  CELL  FABRICATION  C nTINUED. 

SEVERAL  STEPS  IN  THE  SOLAR  CELL  FABRICATION 
PROCESS,  CURRENTLY  IN  USE,  WERE  EXAMINED  CAREFULLY  IN 
AN  ATTEMPT  1 0 IMPROVE  CELL  EFFlClENCE  OR  INCREASE  TH£ 
POTENTIAL  PRODUCTION  RATE  • CON  IDERABLE  ATTENTION 
WAS  DEVOTE  TO  The  MEANS  for  APPLYING  SOLDER 
CONTACTS  TO  The  SOLAR  cell.  STUolE  ere  made  of 
VARIOUS  WAFER  POLISHING  TECHNIQUES  AND  THEIR  EFFECT 

on  cell  efficiency:  the  deposition  of  a silicon 
MONOXIDE  ANTIREFLECTION  coating  on  WaVERSi  the 
EVALUATION  OF  SOLAR  CELL  P-N  JUNCTION  CHARACTERISTICS 
USING  PILOT  LINE  CELLS?  AND  SOLAR  SIMULATION.  (AUT 
OR)  | U > 
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CONFIGURATION,  crystals,  design,  diffusion,  ELECTRICAL 
properties,  intensity,  light,  manufacturing,  mirrors, 
photoelectric  cells  (semiconductor)  , phototubes. 
RESISTANCE  (ELECTRICAL).  SOLAR  CELLS,  SOLAR 
radiation  (U> 

PRELIMINARY  EXPERIMENTS  WERE  PERFORMED  ON  n/p 
and  P/N  CELLS  HAVING  VARIOUS  JUNCTION  DEPTHS  TO 
DETERMINE  the  EFFECTS  of  light  INTENSITY  on  cell 
PERFORMANCE  FOR  VARIOUS  CELL  CONFIGURATIONS. 

preliminary  results  indicated  that  cells  diffused 

TWICE  AS  LONG  AS  STANDARD  PROdUcTiON-TYPE  CELLS 
operate  more  EFFICIENTLY  at  the  higher  solar 
INTENSITIES,  the  SHALLOW  diffused  cells  had  higher 
SHORT  CIRCUIT  CURRENTS  INDICATING  HIGhER  POTENTIAL 
EFFICIENCIES  WITH  The  USE  of  OPTIMIZED  grid  designs 
TO  FURTHER  REDUCE  SERIES  RESISTANCE.  THEORETICAL 
CALCULATIONS  were  carried  out  To  DETERMINE  the 
OPTIMUM  GRID  CONFIGURATION  FOR  SHALLOW-DIFFUSED 
CELLS.  RESULTS  INDICATED  THAT  ThE  OPTIMUM  GRID 

spacing  is  very  insensitive  to  changes  in  light  level 

IF  ALL  OTHER  VARIABLES  ARE  HELD  CONSTANT.  THE  GRID 
spacing  does,  however,  change  significantly  with 

VARIOUS  a-FACTOR  VALUES.  POSSIBLY  THROUGH  this 
MECHANISM  the  OPTIMIZED  GRIO  SPACING  CHANGES  AS  A 
FUNCTION  OF  UGhT  LEVEL.  A DETAILED  SOLAR  CELL 

equivalent  series  resistance  circuit  iS  presented. 
STUDIES  WERE  maoe  to  DETERMINE  WHERE  the  CELL 
SERIES  RESISTANCE  IS  LOCATED  AND  WHICH  LOCATIONS  ARE 
MORE  IMPORTANT  WITH  RESPECT  TO  THE  REDUCTION  OF  THE 
TOTAL  SERIES  RESISTANCE.1  (AUTHOR)  (U> 
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OXIDES,  POWER  SUPPLIES,  DAMAGE,  RAD  I AT  ION  EFFECTS, 
REFLECTION,  SILICON,  SILICON  COMPOUNDS,  SILICONE 
PLASTICS,  SOLDERED  JOINTS,  STORAGE,  TEMPERATURE,  TEST 
METHODS  (U 

DEVELOPMENT  OF  HIGH-TEmPERATURE  RAD  I AT  I OnRES I ST ANT 
SOLAR-cELL  ARRaTJ  GALLIUM  ARSENIDE  ANO  SILICON  CELLS 

useoj  silicon  monoxide  coatings  were  tested  for  anti- 
REFLEctION  effect;  SHELF  LIFE  OF  CELLS  at  200  c WAS 
TESTED, 
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PERFORMANCE  ANALYSES  OF  SILICON  CELL  SOlAR  power 

systems  using  Radi  tion  concentration  and  filtering 
have  been  OBTAINED.  PERFORMANCE  CHARACTERISTICS  of 
SILICON  PHOTOVOLTAIC  CELLS  AND  FILTERS  have  been 
studied  with  respect  to  the  relation  of  their 
characteristics  to  the  power  system  design  and 
PERFORMANCE,  elementary  CONDITIONS  of  system 
design  for  OPTIMUM  PERFORMANCE  have  been 
ESTABLISHED.  THE  ELEMENTS  of  plan  have  been 
outlined  for  the  DEVELOPMENT  of  ADEQUATE  METHODS  FOR 
The  DESIGN  and  PERFORMANCE  ANALYSIS  OF  PHOTOVOLTAIC 
CELL  SOLAR  POWER  SYSTEMS  USING  RADIATION 
concentration  and  filtering,  also,  a BASIC  PLAN 
for  the  CONSTRUCTION  OF  A PROTOTYPE  SqLaR  POWER 
SYSTEM  WITH  CONCENTRATION  AND  FILTERING  HAS  BEEN 
OUTLINED.  (AUTHOR)  <U> 
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CELLS.  TEST  RESULTS  AND  SELECTION  CRITERIA  FOR  SOLAR 

cells,  paddle  deploy  ano  separation  bolt  squib  firing 

TEST. 


30 

unclassified 


/Z0M07 


••••  -•*-  -a 


UNCLASSIFIED 


doc  report  bibliography  search  control  no.  /zomo7 
ad-  **oo  559 

HOFFMaN  ELECTRONICS  corp  el  monte  calif 

SOLAR  ENERST  MEASUREMENT  TECHNIQUES  <U» 

JAN  &3  IV  ROSS»BERND?BICkI-ER»0.B.  i 

CONTRACT*  AF 33  614  79H* 

MONITOR*  ASO  TDR&2  862 

unclassified  report 


descriptors:  •power  supplies*  *solaR  cells,  *solaR 

radiation,  calibration,  instrumentation*  light, 
MANUFACTURING,  measurement,  PYRHELIOMETERS,  silicon, 
spectrum  analyzers,  stability,  sun,  test  equipment,  test 
methods  < u > 

identifiers:  color  temperature  <m> 

portable  test  unit  to  determine  the  output  of  a solar 
cell  po*er  supply  in  space  by  analyzing  output  under 
LABORATORY  or  field  conditions. 


UNCLASSIFIED 


doc  report  bibliography  SEARCH  CONTROL  no.  /ZOM07 
AO-  HOO  707 

WESTInGHOUSE  ELECTRIC  CORP  DAYTON  OHIO 

GALLIUM  ARSENIDE  DENDRITE  SINGLE  CRYSTAL  PROGRAM  (U) 

FEB  63  IV 

Contract:  aF33  657  8 U2 

UNCLASSIFIED  REPORT 


DESCRIPTORS!  *GALLIUM  COMPOUNDS*  ‘SINGLE  CRYSTALS. 

•SOLAR  CELLS,  ARSENIDES*  CRYSTAL  GROWTH*  LABORATORY 
FURNACES,  MATERIALS,  PREPARATION,  SHEETS  ( U > 

IDENTIFIERS:  DeNDRITESICRySTALLOGRAPHY)  <m> 

GROWTH  OF  GALLIUM  ARSENIDE  SINGLE  crystal  dendrites: 
SOLAR  CELL  PREPARATION, 


32 

UNCLASSIFIED 


/Z0M07 


v.’cWaS***,:  iia  •* 


siat «*■*  aaa&  Hit  'kUH 


> laaii 


UNCLASSIFIED 


ODC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  / 20M07 
AO-  HO | 69? 

HARSHA#  CHEMICAL  CO  CLEVELAND  OHIO 

large  area  thjn  film  cadmium  sulfjoe  solar  cell  array 

INVESTIGATION  ( u ) 

mar  63  iv  Schaefer, j.c. irOlff iG. a. ihill,e.r. i 
contract • af33  657  9975 

unclassified  report 


descriptors:  ^CADMIUM  COMPOUNDS,  *solar  cells,  *th I N 

films  (STORAGE  DEVICES),  ACCELERATION,  ACRYLIC  R£S|NS, 
COATINGS,  COPPER,  CRYSTAL  growth,  CRYSTALS, 

electrooeposition,  experimental  data,  films,  glass, 

gold,  LOADING  (MECHANICS),  MANUFACTURING,  MOLYBDENUM, 
NICKEL,  Plastics,  SHOCK  RESISTANCE,  SILVER,  solar 
panels,  Sonar  sound  analyzers,  sulfides,  tests  (u» 

IDENTIFIERS:  ThIN  FILMS  (M) 

large-aRea,  thin-film,  caomium  sulfide  solar  cell  array 

INVESTIGATION. 


33 

UNCLASSIFIED 


/Z0M07 


unclassified 

OOC  REPORT  bibliography  search  control  no.  /ZOm07 


AO-  RO 1 872 

SPECTrOLaB  sylmar  calif 

investigation  of  optical  c o a t t ngs  for  solar 

CELLS 

S£P  42  IV  R0HA6N0L1 »R. J» I 

UNCLASSIFIED  REPORT 


descriptors!  ^optical  coatings,  .solar  cells.  :solar 
5ISlin.ll!  rOCU5.N0.  OPT,  c A critTERS.  PHOTOELECTRIC 
CELLS  (SEMICONDUCTOR) # SILICON,  SPECTRa  (VISIBLE 
ULTR AV I OLET ) 


(U> 


THE  CONCENTRATION  AND  FILTERING 
INVESTIGATED  in  connection  with 

CELLS, 


of  solar  radiation  was 

SILICON  PHOTOVOLTAIC 


34 

UNCLASSIFIED 


/ZQN07 


UNCLASSJFJED 


DOC  report  bibliography  search  control  NO.  /ZOMO? 

AO-  H02  ® 38 

TEXTRON  ELECTRONICS  INC  SYLMAR  CALIF  hELIOTEK  OIV 
HIGH  EFFICIENCY  SILICON  SOLAR  CELLS.  (U> 

descriptive  note:  quarterly  progress  rept.  no.  2»  is 

SEP-15  DEC  62, 

°EC  62  IV  BERMAN  ,PAUL  A,  {HANDY  , 

RELANO  J.  {RELlK.GEZA  P.  ; 

contract:  da3&  039SC90777 

PROj:  DA-3A99-Q9-002 

UNCLASSIFIED  RfPOrT 

supplementary  note:  report  on  investigation  for  the 

IMPROVEMENT  op  HIGH  EFFICIENCY  SILICON  SOLAR 
CELLS  fOR  TERRESTRIAL  APPLICATIONS. 

DESCRIPTORS:  -SOLAR  CELLS,  «SOLAR  RADIATION,  SOLAR 

panels,  RESISTANCE  (ELECTRICAL),  COSTS.  NITROGEN, 
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EQUATIONS,  MATHEMATICAL  ANALYSIS,  SILIcOn, 

MEASUREMENT.  (U) 

the  purpose  of  this  research  is  the  development  of 
high  EFFICIENCY,  LOW  COST  SILICON  SOLaR  cells,  the 
OBJECTIVE  IS  high  YIELDS,  in  the  ORDER  of  70*  OF 
THE  CELLS  HAViNG  EFFICIENCIES  IN  THE  RANGE  OF  12  TO 
1M*  LEADING  To  A CELL  COST  OF  *2.00  To  *3.00 
FOR  A CELL  HAVING  DIMENSIONS  OF  l CM  bY  2 CM.  BOTh 
N ON  p AND  P ON  N CELL  STRUCTURES  ARE  To  BE 
STUDIED  AND  ThE  cells  optimized  FOR  USE  IN 
terrestrial  environment  with  and  without  utilization 

OF  SOLAR  CONCENTRATORS.  (AUTHOR)  (U> 
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INITIAL  WORK  TOWARD  MAXIMIZING  THE  RADUTlON 
RESISTANCE  OF  silicon  WEbBED  DENDRITIC  SOLAR  cells  Is 
DISCUSSED.  DESIGN  CONSIDERATIONS,  TECHNIQUES  FOR 

fabricating  cells  of  i ohm  cm  Resistivity,  and  steps 

PREPARATORY  To  RADIATION  DAMAGE  STUDY  ARE  PRESENTED. 
EFFICIENCIES  AS  HIGH  AS  12, MS  were  achieved  ON 
solar  cells  made  from  i ohm-cm  n-type  silicon  webbed 
DENDRITES,  (author)  (U> 
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RESEARCH  CONCERNS  THE  DEVELOPMENT  OF  SOLAR  FlaT 

plate  thermoelectric  generators  for  spacecraft,  a 
solar  flat  PLAtE  THERMOELECTRIC  GENERATOR  con  sists 
OF  A COLLECTOR  PLATE  WITh  aN  OPTICALLY  SE  LECTIVE 
COATING,  small  SIZE  SEMICONDUCTOR  THERMO  ELEMENTS,  a 
RADIATOR  PLATE  and  a SUPPORT  STrUC  TUrE,  THREE 
MONTHS  OF  RESEARCH  AND  DEVELOPMENT  WORK  ON  THIS  SPACE 
AUXILIARY  POWER  SYSTEM  IS  DESCRIBED.  THE  TECHNICAL 

problem  areas  investi  gated  include;  collector 
coatings,  thermoelectric  materials  and  contacts  and 
support  structures,  collector  coating  samples 
SUITABLE  for  evaluation  were  obtained,  test 
EQUIPMENT  for  THERMAL  cy  cling  tests  of  solar 
thermoelectric  panels  was  fabricated,  panels  using 

A PLASTIC  FO-uPPORT  STRUCTURE  and  on  ALUMINUM 
HONEYCOMB  SUPPORT  STRUCTURE  WERE  FABRICATED  AND 
TESTED*  A NUMBER  OF  DIFFERENT  THERMOELECTRIC 

materials  were  tested  for  efficiency  at  various 
OPERATING  TEMPERATURES.  (AUTHOR)  (U) 
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A 5 . 1 <8  Tp  I N-F  I LM  CELL  WAS  PRODUCED  ON  A I IN.  X 
I IN.  SUBSTRATE.  THIS  RESULT  COMPARES  FaVORABlT 
WITH  THE  MAXIMUM  EFFICIENCY  of  5.8*  REPORTED  FOR  A 
SINGLE  CRYSTAL  CDS  CELL.  A PROCEDURE  FOR  UP 

grading  low  efficiency  cells  to  the  average 
EFFICIENCY  LEfVEL  was  also  DEVELOPED,  a non 
DESTRUCTIVE  X-RAY  TECHNIQUE  WAS  used  SUCCESS  FULLY  To 
PHOTOGRAPH  DISLOCATIONS  in  SINGLE  CRYSTAL  CDS. 

THIS  PROCEDURE  PROMISES  TO  YIfLd  A FUND  OF 
INFORMATION,  EFFORTS  TO  PRODUCE  AN  UlTRaPURE 
CDS  BY  DISTILLATION  OF  THE  ELEMENTS  AND 
SUBSEQUENT  REACTION  IS  UNDERWAY.  WORK  WAS  CARRIED 

on  in  thf.  analysis  of  the  i"V  data  and  spectral 

RESPONSE  IN  AN  EFFORT  TO  CATALOG  THIS  DaTa  IN  THE 
FORM  oF  A*  THE  PRESENT  DATA  CAN  BE  IN  AN  EFFORT  TO 
CATALOG  THIS  DATA  IN  THE  FORM  OF  A MODEL*  THE 
PRESENT  DATA  CAN  BE  MADE  TO  FIT  A P-N  JUNCTION  WITH 
PHOTOCONDUCT  I VE  SERIES  AND  SHUNT  RESISTANCES.  SOME 
REJECT  »SHORTEO*  CELLS  WeRF  STUDIED  AT  LOW 
TEMPERATURES  WHERE  THE  I-V  CURVE  BEGINS  To 
RESEMBLE  A BAC<  WARD  DIODE,  INJECTION  LUMINESCENCE 
WITH  VERY  LOW  CONVERSION  EFFICIENCY  WaS  OBSERVED  WITH 
the  radiation  lying  in  the  band  between  1 and  i.s  ev, 
(AUTHOR)  <U) 


3!'. 

UNCLASS  I F I ED 


/20H07 


UNCLASSIFIED 


ddc  report  bibliography  search  control  no.  /zomo? 
AO-  H09  QOl 

Textron  electronics  inc  sylmar  calif  heliotek  oiv 


HIGH  EFFICIENCY  SILICON  SOLAR  CELLS.  < U » 

DESCRIPTIVE  note:  quarterly  progress  REPT.  NO.  3,  is  dec 

42  15  MAR  43, 

APR  63  IV  BERMAN, PAUL  A. {HaNDY, 

ROLAND  J. :R0LIK ,GEZA  P.i 
CONTRACT:  DA 34  03VSC90777 

PROj:  3A9v  09  002 

UNCLASSIFIED  report 


descriptors:  (*S0LaR  cells,  ELECTRICAL  PROP),  (*solaR 

RADIATION,  INTENSITY),  RESIST,  SILICON,  DESIGN,  THEORY. 
MEASUREMENT,  ELECTRIC  currents,  mirrors,  elec, 
MATHEMATICAL  PREDICTION,  EQUATIONS.  (U) 

AN  ADDITIONAL  MIRROR  WAS  ADDED  TO  THE  SOLAR  CoN 

centraTor  equipment  so  that  is  is  possible  to  make 

SOLAR  cell  MEASUREMENTS  aT  APPROXIMATELY  S GM- 

calories/sq  cm/min  solar  intensity,  the 

CONCENTRATOR  WAS  USED  TO  VERIFY  the  SUNLIGHT  power 
PREDICTIONS  made  FROM  TUNGSTEN  POWER  mEaS  UREmENTS 
DURING  The  P()/N  BIVARIABLE  EXPERIMENT,  a 
GENERAL  EQUATION  WAS  DEVELOPED  for  The  THEO  ReUCAL 
DETERMINATION  OF  the  TOTAL  CELL  SERIES  RESISTANCE 
FROM  a KNOWLEDGE  of  the  VALUES  of  the  component 
RESISTANCES,  the  EQUATIONS  were  uti  LlZED  to 
PREDICT  the  SERIES  RESISTANCE  OF  PRODUC  T I ON  TVPE 
N ( ) / P AND  N()/N  CELLS.  (AUTHOR)  <U> 
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Supplementary  note:  report  ..in  static  energy 
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descriptors:  <*SOLaR  cells,  H ! G o •*  T £ M P e r a t U R E I » GALLIUM 

COMPOUNDS,  ARSENIDES,  gal,  r S r N I c ALLOTS,  aerospace 
CRAFT,  DESIGN,  single  CRYSTALS,  MANUFACTURING,  films. 

tests,  radiation  damage-  <u> 

identifiers:  thin  films  (U> 

a total  of  7 9 0 CELLS  WAS  PRODUCED  WITH  EFF I C I EN 
CIES  OF  UP  TO  10*  AND  with  MODE  ekfeciency  OF 
eight  percent  for  the  later  units,  tests  of  the 
cells  made  at  elevated  temperatures  and  in  high 
radiation  environments  have  established  the 
characteristics  of  the  cells,  thf.  critical  flux 
for  the  GALLIUM  ARSENIDE  cells  EQUALLED  or  ex  ceeded 
THAT  oF  SILICON  CELlS,  T f S T S nf  CADMIUM  SULFIDE 
CELLS  WERE  NOT  JUDGED  SUf  F i (.  i F N r L Y CON  C-USIVE  TO 
ESTABLISH  THE  LEVEL  OF  CRITICAL  FLUX,  SOLDERING 
TECHNIQUES  WErF.  DEVELOPED  AND  EVALUATED  IN  TERMS  OF 
the  effects  upon  finished  cell?,  thermal 
characteristics  of  the  cells  and  panels  were 
appraised  in  terms  of  orbital,  evaluation,  panel 

ASSEMBLY  TECHNIQUES  were  DEVELOPED  and  evaluated  in 
TERMS  OF  THE  ELECTRICAL  aND  ►T>HAMl  CaL 
CONSIDERATIONS  involved  IN  INiEgRaTING  cells  into 
panels*  investigation  and  fabrication  of  singlc- 
CRYSTaL,  THIN-FiLM  gallium.  .'-.RSI'NIDF  cells  were  made. 
EVALUATION  OF  METHODS  FOR  cf  POS  ! T v ML,  F P 1 T A x I A L 

films,  Techniques  for  producing  ihf.  desired 
••DOPING**  STRUCTURE,  and  :,iunits  OF  THE  resultant 
PHOTOVOLTAIC  aND  SURF  aCE-coN  t aC  t I nC-  PROPERTIES  WERE 
MADE  for  THIn-FILM  GAA5,  i author)  (U) 
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DESCRIPTORS:  (*SOLaR  CELLS,  MANUFACTURING),  <*adhesives. 

SOLAR  CELLS),  GALLIUM,  ARSENIC  ALLOYS,  HONEYCOMB  CORES, 
ALUMI,  TESTS,  TEMPERATURE,  VACUUM,  mechanical, 

THICKNESS,  SEMICONDUCTING  FILMS.  DIFFUSION,  EPITAXIAL 
GROWTH,  IMPURITIES,  ZINC,  CHEMICAL  MILLING, 

TABLES(OATA) , EQUATIONS,  measure,  metal  coatings, 
radiation  damage.  (U) 

Identifiers:  *thin  films  cU) 

CONTENTS;  GALLIUM  ARSENIDE  CELL  DEVELOPMENT  AND 
FABRICATION!  ARRAY  DESIGN  ANO  TESTING!  SUMMARY, 

ARRAY  DESIGN,  MODULE  DESIGN.  FIXTURE  DESIGN, 

materials  test  and  selection,  prototype  panel, 

RADIATION  TESTING;  TH|N-FJL*  GALLIUM  ARSENIDE 

investigation,  thin  film  diffused-juncTion  solar 

CELLS,  ThIN-FiLM  GROWN- JUNC T I ON  SOLAR  CELLS, 

PROPERTIES  OF  EVAPORA  TED  METALLIC  CONTACTS  ON 

gaas,  analysis,  measurements.  iu) 


41 

UNCLASSIFIED 


/ZOM07 


a aruiumr  riim  ifo  Li*. 


UNCLASS  I F I ED 


DOC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  /Z0M07 

ad-  Hie  15<« 

HAMILTON  STANDARD  WINDSOR  LOCKS  CONN 


MODULAR  DESIGN  OF  IMPROVED  Solar  CONVERTERS.  ( u ) 

DESCRIPTIVE  note:  quarterly  PROGRESS  RePT.  NO.  7,  1 DEC 

62  28  FEB  S3, 

FEB  63  IV  MOR i ART Y , W I LL I aM  J.! 

REPT.  NO*  HSER2667 
CONTRACT^  D A 3 6 039SC87H61 
PROj:  dA  PROJ.  1G62200IA053  03 

unclassified  report 


descriptors;  (*solaR  panels,  modules  <eleci,  <*solar 
cells,  manufacturing),  silicon,  moldings,  bonding, 
electr | c currents,  electric  potential,  plastics*  acrylic 
resins.  (Ui 


THREE  IMPORTANT  tests  WERE  CONDUCTED  DURING  THIS 

period:  (l)  a temperature  gradient  test  or  the 
PROTOTYPE  module;  < 2 ) A MOLDED  SHINGLE  assembly 
SHEAR  Test;  and  (3)  A CURRENT  Versus  VOlTaGE  out 

put  or  The  active  module,  relative  to  the 

SPECIAL  WARFARE  CONCEPTUAL  DESIGN,  DRAWINGS  of  a 

markedly  different  MORE  advanced  array  were 
COMPLETED.  USaELRDL  SUGGESTED  that  detailed 
SKETCHES  of  This  CONCEPT  be  developed  For  further 
EVALUATION.  A WIRING  LAYOUT  AND  CALCULATIONS  for 
THE  ELECTRICAL  DESIGN  OF  THE  ACTIVE  5-WaTT  MODULE 
WERE  DEVELOPED  WHICH  INDICATE  The  NUMgER  OF  CELLS 
PER  SERIES  STRING,  TOTAL  NUMBER  OF  CELLS,  ELECTRICAL 

output,  and  physical  size,  light  transmission 
TESTS  WERE  PERFORMED  ON  THE  MATERIALS  LISTED  IN  THE 

previous  report  which  were  subjected  to  ultra-violet 

AND  SUNLIGHT  EXPOSURE « AN  EVALUATION  OF  THE  ADDI 
TIONal  COVER  MATERIALS  ALSO  LISTED  IN  THE  SAME 

report  has  been  made  based  on  light  transmission 
lossess  and  literature  analysis,  {author)  (U) 
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(♦AUXILIARY  POWER  PLANTS,  SPACECRAFT),  DESIGN,  OPTICAL 
COATINGS,  TEMPERATURE,  STRUc,  THERMOCOUPLES,  ENERGY 
CONVERSION,  SOLAR  RADIATION,  M£TaL  PLATES,  PIPES, 
ALUMINUM,  NICKEL,  THICKNESS,  WEIGHT,  SOLDERED  JOINTS, 
TESTS.  <U) 

A SOlAR  FLAT  PLATE  THERMOELECTRIC  GENERATOR  CON 
SISTS  OF  A COLLECTOR  PLATE  WITH  AN  OPTICALLY 
SELECTIVE  COATING,  SMALL  SIZE  SEMICONDUCTOR 
THERMOELEMENTS,  A RADIATOR  Plate  and  a SUPPORT 
STRUCTURE.  EMPHASIS  HaS  8EF N PLACED  ON  A SUPPORT 

structure  concept  designated  as  The  integral 

RrlNFoRCED  PLaTE  IN  WHICH  RADIATOR  AND  COLLECTOR 

aTes  are  folded  into  self-supporting  structures, 
a NUMBER  of  THERMAL  cycling  tests  have  been  con 
ducted  up  TO  A MAXIMUM  OF  2000  CYCLES,  (AUTHOR)  <U) 
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(•semiconducting  films,  solar  cells),  cadmium  alloys* 

TELLURIUM  ALLOYS,  CRYSTAL  GROWTH,  FEASIBILITY  studies, 
SURFACES,  SOLDERING,  MAINTENANCE,  COPPER  ALLOYS  (Ul 

Identifiers:  thin  films  <u> 

the  emphasis  of  the  thin  film  solaR  cell  work  was 
ON  (1)  GROWING  ACCEPTABLE  CADMIUM  TEllURIDE  films 

in  vertical  substrates  to  yield  more  usable  area* 

(2)  fabricating  cells  that  have  junction  areas  of 
HO  TO  50  50  CM,  (31  experiment  ing  with  different 
SURFACE  TREATMENTS  to  yield  MORE  UNIFORM  cells. 

(H)  INVESTIGATING  METHODS  OF  ATTACHING  leads  TO 
the  CELLS  (INDIUM  SOLDERING  SEEMS  SATISFACTORY), 

( 5 ) TAKING  data  on  FOUR-MONTH  Old  CELLS  TO  SEE 
how  the  cells  parameter  change  with  time*  and  (6) 
PERFORMING  basic  studies  OF  The  PROPERTIES  of 
JUNCTIONS  BETWEEN  CDTe  and  other  MATERIALS. 

(AUTHOR)  « U I 
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sun,  electric,  electric  potential  iu> 

THIS  REPORT  SUMMARIZES  THE  RESULTS  OF  Two  YEARS  OF 
ANALYTICAL  STUDIES  AND  EXPERIMENTAL  TESTING  OF 

systems  for  automatically  orienting  various  sized 

solar  cell  PANELS  CONTINUOUSLY  TO  THE  SUN.  ANALYSIS 
OF  The  APPARENT  MOTION  OF  THE  SUN,  WInD  effects, 
panel  orientation,  sun  sensing,  and  basic  system 
CONFIGURATIONS  are  INCLUDED  in  the  SECTION  ON  GENERAL 
STUDIES,  a SECTION  IS  PRESENTED  on  The  OPERATION. 

DESIGN,  and  FABRICATION  OF  The  SINGLE-AND  TWO-AXIS 
SUN  SENSORS.  SYSTEM  CIRCUIT  DIAGRAMS  aRE  INCLUDED 
FOR  BOTH  THE  SINGLEAXIS  aND  TWO-AXIS  AUTOMATIC  DRIVE 
SYSTEMS.  DESCRIPTIONS  OF  THE  MoUnT  AnD  DRIVE  HEAD 
ASSEMBLIES  are  INCLUDED,  and  the  general  setup 
CONSIDERATION  FOR  EACH  SYSTEM  IS  GIVEN.  ADVANTAGE 
OF  The  TwOAXls  AUTOMATIC  SYSTEM  OVER  THE  SINGLE-AXIS 
AUTOMATIC  SYSTEM  IS  ALSO  PRESENTED.  EXPERIMENTAL 
RESULTS  ON  The  SINGLE-AXIS  SUN  SENSOR  AND  ITS 
ASSOCIATED  DRIVE  SYSTEM  *Rf  GIVEN,  THE 
EXPERIMENTAL  TESTING  ON  THE  TWO-AXIS  SUN  SENSOR  AND 
THE  COMPLETE  TWO-AXIS  SYsTrM  IS  INCLUDED. 

EXPERIMENTAL  RESULTS  show  the  EVOLUTION  from  the 
simple  automatic  single-axis  sensor  with  an  accuracy 
OF  10  DEGREES  To  THE  COMPLETELY  AUTOMATIC  two-axis 
system  W j THPQ I NT  I NG  ERROR  OF  LESS  THAN  1 DEGREE. 
conclusions  ano  Recommendations  are  provided  to 

INDICATE  THE  ADVANTAGES  AND  POSSIBLE  DIRECTION  THESE 

orienting  systems  may  Take  in  ThejR  application  to 
ground  POWER  DEVICES.  (AUTHOR)  (U) 
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FIVE  huNDRED  P(*)/N  AND  FIVE  HUNDRED  N(*)/P 
CELLS  HAVE  BEEN  FABRICATED  ON  A PILOT  LINE  BASIS. 

THERE  WAS  A 70«  YIELD  OF  P ( ♦ ) / N CELLS  HAVING  A 
100  MW/SQ  CM  SUNLIGHT  EFFICIENCY  OF  ll«4*  OR 
GREATER*  THERE  WAS  A 70*  YIELD  OF  NU)/P  CELLS 
HAVING  A 100  mW/SQ  CM  SUNLIGHT  EFFICIENCY  OF 

to. i*  or  greater,  preliminary  measurements 
indicate  a substantial  Increase  In  efficiency  FOR 
BOTH  cell  types  AT  SOLAR  INTENSITIES  of  APPROXIMATELY 
300  M#/SQ  CM,  DUE  TO  THE  SPECIFIC  DESIGN  OF  THESE 
CELLS  FOR  OPERATION  AT  THESE  INTENSITIES,  THUS 
SHOWING  GOOD  PERFORMANCE  FOR  OPERATION  IN  SYSTEMS 
UTILIZING  SOLAR  CONCENTRATORS.  COMPARISONS  ARE 
made  between  THE  PILOT  LINE  N(+)/P  AND  pi*)/n 
cells:  AND  BETWEEN  THESE  cells  and  COMMERCIALLY 
AVAILABLE  PRODUCTION  cells  OF  both  POLARITIES. 

COST  ESTIMATES  are  GIVEN  ON  the  BASIS  OF  THE  YIELDS 
OBTAINED.  (AUTHOR)  (U> 


46 

UNCLASSIFIED 


/Z0M07 


imtiViWigyi:i 


UNCLASSIFIED 

o oc  report  bibliography  search  control  no*  / zqmq7 
AO-  923 

HARSHa*  CHEMICAL  CO  CLEVELAND  OHIO 

INVESTIGATION  of  thin  film  CADMIUM  SULFIDE  SOLAR 
CELLS.  (U> 

DESCRIPTIVE  NOTE!  REPT.  FOR  SEP  62-NOV  63, 

NOV  63  60P  SCHAEFFR  » J » C.  JhUMRICK.R*  J* 

IHILL.E.  R*  5BELT.R*  F*  ! 

CONTRACT’-  AF33  657  9975 
PROj:  fl 1 7 3 

Task:  017301  32 

MONITOR;  ASO  TdR63  793 

unclassified  report 
SUPPLEMENTARY  note: 

descriptors:  USOLAR  cells,  CADMIUM  COMPOUNDS), 

(•semiconducting  films,  cadmium  compounds),  (*cadmium 
COMPOUNDS,  sulfides),  photoelectric  CELLS 

(SEMICONDUCTOR),  DESIGN,  MATERIALS,  ELECTRODES,  LIFE 
EXPECTANCY,  damage,  RADIATION  EFFECTS,  ELECTRONS, 

crystal  defects,  stability,  manufacturing,  crystal 

GROWTH,  ENCAPSULATION,  SANDWICH  CONSTRUCTION,  PLASTICS. 

photons,  energy.  Electrical  properties,  spacecraft  (U 
identifiers:  quantum  yield,  thin  films 

RESEARCH  and  DEVELOPMENT  OF  A large  area  CDS, 

VACUUM  EVAPORATED,  THIN  FILM,  FLEXIBLE.  LIGHTWEIGHT. 
FRONT  Wall  SOLAR  CELL  Was  CONTINUED  in  an  effort  TO 
IMPROVE  the  PERFORMANCE  CHARACTERISTICS. 

EFFICIENCIES  were  increased  to  A MAXIMUM  OF  5.1*. 
power  to  weight  Ratios  of  is  watts  per  pound  are 

NORMAL  WITH  30  AS  A MAXIMUM.  AN  UPGRADING  PROCEDURE 
FOR  low  EFFICIENCY  CELLS  WAS  DEvELOPEO.  TEST  PANELS 
WERE  SUBMITTED  FOR  A 30  DAY  ORBITAL  SPACE  FLIGHT 
EVALUATION,  electron  damage  experiments  indicate 
little  effect  on  the  cds  solar  cells,  x-ray 
TECHNIQUES  HAvE  been  used  to  photograph  dislocations 
in  single  crystal  cos.  x.ukrent-volTage  curves 

and  SPECTRAL  RESPONSE  DATA  ANALYSES  RESULTED  IN  A 
ONE-TRAP  MODEL  OF  THE  CDS  PHOTOVOLTAIC  CELL. 

(AUTHOR)  ,U> 


47 

UNCLASS  I F I ED 


- itf.  tide),  ti' 


unclassif i en 


DOC  REPORT  bibliography  search  CONTROL  no.  /Z0MO7 
AO-  H 2 7 070 

mallory  <p  r»  and  co  iNc  Burlington  mass 

CELL  EQUALIZATION  TECHNIQUES.  (U) 

OESCRIPTIVE  NOTEI  FINAL  REPT.» 

DEC  63  2 8P  WhORISKEY  .PETER  J.  ! 

CONTRACTl  AF33  657  87R9 
PROj:  8173 

Task:  b1730R  is 

MONITOR:  RTO  TDR63  1 8 7 

UNCLASSIFIED  REPORT 
supplementary  note: 
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s*ST0RA<5E  BATTERIES,  SOLAR  CELLS),  (^ALKALINE  BATTERIES, 
SOLAR  CELLS),  NICKEL,  CADMIUM,  DjODES  (SEMICONDUCTOR), 
GERMANIUM,  LIFE  EXPECTANCY,  SILICON,  SILVER,  ZINC, 

ELECTRIC  DISCHARGES,  BATTERIES  AND  COMPONENTS  (U) 

A SPACE  VEHICLE  POWER  SUPPLY  CONSISTS  Op  CERTAIN 

TYPES  OF  hermetically  sealeo  alkaline  Battery  cells 
COUPLED  with  SOLAR  cells.  DURING  usage  these 
ALKALINE  BATTERY  cells,  series  connected,  are 
REPEATEDLY  SUBJECTED  TO  CHARGE-DISCHARGE  CYCLES  that 

can  produce  cell  failure,  these  failures  are,  in 

TURN,  ATTRIBUTABLE  TO  INHERENT  CELL  DIFFERENCES 

intensified  by  cycling  rate,  overall  cycling  time  ano 
depth  of  discharge*  the  prime  failure  modes  consist 
of:  (a)  unequal  cell  charge  which  CAUSES  THE 
EVOLUTION  of  gas  in  SUFFICIENT  QUANTITIES  to  destroy 
the  cell,  and  <b)  cell  reversal  on  discharge  that 
EFFECTIVELY  cancels  the  cell  from  the  circuit  and 
ultimately  results  in  cell  failure,  the  objectives 
of  this  program  were,  accordingly,  to  investigate: 

(I)  METHODS  of  EQUALIZING  the  TERMINAL  VOLTAGE  of 
the  individual  cells  on  charge,  and  (2)  methods 

OF  PREVENTING  CELL  REVERSAL  UPON  DISCHARGE.  TO 
ACHIEVE  CELL  EQUALIZATION,  the  logarithmic  forward 
VOLT-aMPeRE  CHARACTERISTIC  of  SEMICONDUCTOR  P-N 
JUNCTIONS  WAS  INVESTIGATED  in  DEPTH.  SEMICONDUCTOR 
DIODES  WERE  DESIGNED  and  tested  for  specific  v-i 
SLOPES  AND  CURRENT  HANDLING  CAPABILITY.  SIMILARLY, 

THE  ANTI-REVERSAL  APPROACH  CONSISTED  OF  UTILIZING  THE 

low  forward  drop  of  especially  fabricated  ge  diodes 
which  were  placed  across  the  cell  terminals,  in 
PARALLEL  TO,  but  in  polarity  OPPOSING  The  EQUALIZER 
DIODES*  THESE  diode  ASSEMBLIES  MATERIALLY 
INCREASED  the  CYCLE  life  of  ni-co  CELLS. 

(AUTHOR)  (U) 
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diodes,  electrical  conductivity,  electric  potential. 
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identifiers:  heterojunctions,  indiumiud  oxide*  thin 

FILMS  (U) 

studies  of  factors  affecting  the  properties  of 
POLYcrYSTALLINE  cdte  film  grown  by  the  vapor 
REACTION  PROCESS  ARE  discussed  and  a variety  of 
MOLYBDENUM  SUBSTRATES  ARE  COMPARED*  NO  REAL 

differences  are  FOUND.  Rough  measures  of 
TEMPERATURE  EFFECTS  and  tellurium  flow  RATE  on  film 
GROWTH  RATE  ARE  REPORTED.  THE  TAILORING  PROCESS  WAS 
CHANGED  IN  two  RUNS  WITH  EFFICIENCY  MARKEDLY 
improved,  the  principal  conclusion  OF  A STUDY  OF 
EVAPORATED  METAL  CONTACTS  is  THAT  GOLD  is  THE  BEST 
ELECTRODE  MATERIAL  OF  THE  TEN  EXAMINED*  (AUTHOR) 
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an  APPLIED  RESEARCH  PROGRAM  HaS  BEEN  INITIATED  TO 
INCREASE  THE  STATE-OF-THE-ART  EFFICIENCY  OF  SOLAR 
CELLS  PRODUCED  BY  JON  IMPLANTATION  TECHNIQUES  AND  TO 
DEMONSTRATE  FEASIBILITY  FOR  PRODUCING  THIN  FILM  SOLAR 
CELLS  BY  PLASMA  DEPOSITION.  DURING  THIS  QUARTER, 

EFFORTS  in  The  ION  IMPLANTATION  area  PRIMARILY  have 
INVOLVED  FOUNDATION  INVESTIGATIONS  and  EQUIPMENT 
MODIFICATIONS.  PREVIOUS  INVESTIGATIONS  HAD  POINTED 
OUT  THREE  MAJOR  PROBLEM  AREAS  IN  ion  IMPLANTATION 

cells;  MATERIAL  problems,  resistivity  problems,  and 

OTHER  PROBLEMS  RESULTING  FROM  IMPLANTATION 

techniques,  the  latter,  in  particular,  involved 
FORWARD  LEAKAGE  effects  which  were  MASKING  the 
EFFECTS  ON  CELL  PERFORMANCE  OF  OTHER  VARIABLES  SUCH 

as  junction  profile  variations,  a major  effort  was 
made  to  DETERMINE  the  reasons  for  this  leakage  and 
RESULTS  unequ i voc ably  INDICATE  the  SOURCE  TO  be  PIPES 
CAUSED  BY  0 I RT-SHaDOWJ NG  DURING  I MPL A N T A T I ON  • AN 
EXTENSIVE  INVESTIGATION  was  initiated  into  an  exact 
MEASUREMENT  Of  the  ACTUAL  JUNCTION  PROFILES  present 
as  A FUNCTION  OF  IMPLANTATION  PARAMETERS  AND 

annealing  procedures,  this  involves  a 

DETERMINATION  OF  THE  RATIO  OF  ElECTRJcALLY  ACTIVE  TO 

physically  present  phosphorous  by  resistivity  and 
tracer  techniques,  (author)  <u> 
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SOME  DDITIONAL  statistical  analyses  of  the  first 
NI-HP  BIVARIABLE  EXPERIMENT  W**  Re  made,  the 
variance  on  this  experiment  w as  greater  from  run  to 
tun  than  w i t h i n a run,  at  any  given  oesign  point. 

A PRELIMINARY  statistical  EXPERIMENT  was  PERFORMED 
3N  N ( ♦ ) P CELLS  having  BETWEEN  5 AND  27  GRID  LINES 
-VITH  DIFFUSION  TIMES  of  20  AND  80  MJNijTES,  HALF 
THE  cells  were  COaTed  with  S 1 0 WHILE  HALF  WERE 
not.  EXPERIMENTAL  RESULTS  SHOWED  a flat  optimum 
BETWEEN  9 AND  IP  GRID  LINES*  AND  BETWEEN  THE 
DIFFUSION  TIMfS  of  20  AND  80  MlN.  WITh  REGARD  TO 

the  latter  variable,  the  relative  insensitivity  or 

N(*)P  CFlL  EFFICIENCIES,  as  COMPARED  to  P ( ♦ ) n 
CELL  EFFICIENCIES,  WITH  VARIATION  OF  JUNCTION  DEPTH 
•VAS  AGAIN  OBSERVED,  AND  THjS  I N S E N S I T J V I T Y CAUSED 
SOME  DIFFICULTY  IN  DETERMINING  A CLEAR  SUPERIORITY  Of 
ONE  DIFFUSION  TIME  OVER  THE  0 T Hf  R DUE  TO  THE  MASKING 

EFFECTS  OF  other  variables,  cells  having  total 
cell  serifs  resistances  of  less  than  0*20  ohms  were 
Fabricated.  PoLYCRYSTaLLINE  erLLS  showed  sunlight 
conversion  EFFICIENCIES  OF  AS  high  as  1J«, 

< A U T H 0 R ) I n I 
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studifs  directed  toward  the  fabrication  of  high 

EFFICIENCY  SOLAR  CELLS  On  SILICON  WEppED  DENDRITES 
AND  THE  SOLAR  CELL  PANELS  WERF  UNDERTAKEN,  SOME  OF 
THE  BASIC  DESIGN  CONSIDERATIONS  AND  FaB  RICATiOn 
TECHNIQUES  are  PRESENTED,  PREPARATION  OF  P ( ♦ ) N 
AND  N ( ♦ ) p SOLAR  Cell  STRUCTURE  is  DISCUSSED, 

CELL  EFFICIENCIES  WERE  MEASURED  USING  T W 0 TUNGSTEN 
PhOTofLOgD  LAMPS  AS  ThE  LIGHT  SOURCE. 

EFFICIENCIES  aS  HJGH  AS  13*  WERE  ACHIEVED  ON  2CM 
X LCm  X o.OSCm,  As  HIGH  AS  12*  WERE  ACHIEVED  ON 
1 5 C M x 1 C M X 0.05CM,  AND  AS  H I Gh  AS  I0«  WfRE 
ACHIEVED  ON  30CN  X Icm  X 0.05rM  SOLAR  CELLS  PREPARED 
FROM  SILICON  WEBBED  Df-NORITES.  SPFCTRaL  RESPONSE 
MEASUREMENTS  WERE  MADE  On  SILICON  WEB  SOLAR  CELLS  AND 
TYPICAL  CURVES  ARE  PRESENTED.  One  MECHANICAL 

sample,  four  operational  solap  cell  panels,  and  two 
special  operational  panels  wepe  fabricated,  tested 
and  submitted  in  part  fulfillment  of  the  subject 
contract,  complete  results  on  these  panels  are 
discussed.  (Author)  (u> 
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identifiers:  copperiij  sulfioe  iu) 

the  PURPOSE  of  this  program  is  TO  CONTINUE  thf. 

RESEARCH  and  DEVELOPMENT  on  large  area#  thin  film 
flexible,  light  weight  cadmium  sulfide  solar  cells, 
higher  EFFICIENCY  stable  cells  with  a high  POWER  to 
rt FIGHT  RATIO  ARE  GOALS  Op  THIS  PROGRAM*  HIGHER 
EFFICIENCY  CELLS  APPEAR  PROBABLE  WHEN  THE  BARRIER  IS 

■ormed  chemically,  cells  have  been  fabricated  for 

i X POSijRE  TO  GaMMa  RADIATION  AT  N^L*  NEW 
CONTACTING  TECHNIQUES  ARE  BEING  INVESTIGATED  FOR 

application  on  the  one  square  foot  and  one-half 
square  foot  arrays,  a rear  wall  Thin  film  cds 
PHOTOVOLTAIC  cell  can  be  produced,  a CONSIDERABLE 
EFFORT  WOULD  re  NEEDED  To  PERFECT  THIS  INTO  AN 
EFFICIENT  and  USABLE  ITFm*  FU*vHER  WORK  HAS  BEEN 
ABANDONED,  the  PRINCIPAL  vacuum  evaporation 
PARAMETERS  of  SUBSTRATE  tempepature  and  SURFACE 
PERFECTION  have  been  STJOIEO  FOR  CDS  DEPOSITIONS. 

THIN  FILMS  of  CDS  WERE  PREPARED  ON  MO,  TA, 

T I , INVAR  36,  QUARTZ,  51  A N U C A F 2 . 

substrate  temperatures  ranged  from  20c  to  6&o  c. 
t:  shows  excellent  promise  fop  reducing  The  total 

CFLL  WEIGHT.  ANNEALING,  DOPING  ANO  CHEMICAL 

REACTIONS  WERE  studiec  To  INCREASE  output 
EFFICIENCIES  0-c  PRODUCTION  CELLS.  < AUTHOR  ’ 
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identifiers:  dfnd«ites(CRystallOgRaphy>  , pn 

JUNCTIONS  (U) 

AN  INVESTIGATION  WAS  CONQUCTEH  TO  DETERMINE  ThE 

optimum  structure  for  silicon  solar  cells,  with 
RFGARd  To  resistance  to  damage  by  2 me  v 
ELECTRONS.  The  PARAMETERS  CONSIDERED  were  cell 
TYPE,  I.E.  P/N  OR  N/P,  JUNCTION  DEPTH,  AND  BASE 
RESISTIVITY.  oF  Alc  ThE  PARAMETERS  AFrECTlNG  CELL 

radiation  Resistance,  the  initial  efficiency  was 

FOUND  TO  HAVE  THE  LARGEST  ePFFCT.  A COMPARISON  WAS 
made  to  ASSESS  the  SUPERIORTY  Of  THE  OPTIMUM  n/p 
STRUCTURE,  For  2 MEV  FLEcTrCN  FLUX  DENSITIES  IN 
THE  Range  10  TO  the  13Th  ID  TO  the  15th  power 
flectpos/so  cm.  the  degradation  rate  per  decade  of 
Flux  FOR  THE  p/N  STRUCTURE  WA'  ABOUT  2-S*  VS  2IS 
FOR  ThE  N/P  CELLS,  (AUTHOR)  <U> 
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ANALYSIS  OF  The  PERFORMANCE  of  the  PILOT  LINE  CELLS 
FABRICATED  during  THE  FOURTH  QUARTER  INDICATE  THAT 
THE  BASIC  CELL  DESIGN  REMAINS  HiGHLY  EFFICIENT  AT 
INTENSITIES  UP  TO  2000  MW/SQ  CM,  showing  A 
significant  improvement  in  the  state  of  the  art. 
attempts  to  significantly  rEOuCe  cell  costs  by 
replacing  the  rather  lengthy  junction  clean-up  etch 
BY  A SIMPLE  Edge  sanding  operation  have  shown  that 
while  SOME  MODIFIED  TECHNIQUES  MAy  HAvE  VALUE  IN  THIS 
AREA,  The  SPECIFIC  TECHNIQUE  USE  in  ThE  EXPERIMENT 
RESULTED  in  Too  great  a power  loss  to  be  of  value 
in  reducing  the  cost  per  watt  ratio,  some  alternate 
TECHNIQUES  ARf  PROPOSED.  RESULTS  are  presented  of 
AN  EXPERIMENTS  TO  DETERMINE  the  effect  of  virgin  and 
scrap  polycrystalline  material  on  the  efficiency  of 
POLYCRYSTALLINE  CELLS,  The  REFUlTS  were  SOMEWHAT 

masked  by  the  FACT  That  five  of  The  eight  ingots 

PURCHASED  as  pOLYCRYSTALLINE  MATERIAL  WERE  ACTUALLY 

partially  single  crystalline  in  nature*  an 
appendix  is  includeo  describing  a radiation 
EXPERIMENT  on  N./p  POLYCRYSTAl l i ne  cells  and  the 
results  are  compared  to  those  obtained  on  single 
CRYSTALLINE  CfLLS  IN  various  light  SOURCES,  the 
RESULTS  INDICATE  THAT  The  N/P  POLYCRYSTALLINE  and 
SINGLE  CRYSTALLINE  CELLS  OEGRaOE  TO  THE  SaME  POWER 
VALUE  at  A flux  of  ABOUT  ID  Til  THE  1 M T H POWER 
ELECTRONS/SQ  CM  IN  A SUNLIGHT  source,  With  the  per 
cent  degradation  being  considerably  smaller  for  the 
former  cell  type,  (author)  (U> 
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SUBSTRaTES(ELEcTRONIC) , SUBsTRaTES(ELEcTRONICS) , Thin 
FILM  electronics,  thin  films  ( u ) 

this  report  discusses  research  on  thin  film 
cote  SOLAR  cells  CARRIED  on  DURING  The  first 
QUARTER  of  196**.  CHANGES  IN  THE  DESIGN  OF  THE 
vapor  reaction  apparatus  are  described  and  evaluated, 

/HE  EFFECTS  OF  CHANGES  IN  THE  GROWTH  CONDITIONS  ARE 

/described,  film  adherence  was  found  to  improve 
/ GREATLY  CONCURRENTLY  with  the  Use  of  GENERAL 
ELECTRIC  CO,  MOLYBDENUM  SUBSTRATES.  STUDIES  of 
THE  EVAPORATED  ELECTRODES  WERF  CONTINUED  AND  SOME 
WORK  WAS  DONE  ON  PLATED  AND  SILK-SCREENED  ELECTRODES, 
BOTH  SOLDERED  AND  EPOXY-BONDED  CONNECTIONS  TO  THE 
EVAPORATED  GRtD  were  examined,  WITH  The  latter 
BELIEVED  to  be  THE  SUPERIOR  TECHNIQUE.  STUDIES  OF 
THE  EFFECTS  of  CRYSTAL  ORIENTATION  on  CELL 
CHARACTERISTICS  ARE  REPORTED.  An  IMPROVED  cose 
CELL  is  DESCRIBED  AND  FURTHER  #ORK  0N  * N-ON-P  CELL 

is  reported,  a list  of  representative  cells 
FABRICATED  during  the  quarter  is  included, 

(AUTHOR)  lU> 
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SUPPLEMENTARY  note: 

DESCRIPTORS:  (.SOLAR  CELLS.  MANUFACTURING),  SILICON, 

SOLAR  PANELS,  DESIGN,  CRYSTAL  STRUCTURES,  RESISTANCE 
(ELECTRICAL).  VOLTaGE,  PROTON  rOmBaRDMeNT.  ELECTRON, 

electron  density,  air.  vacuum,  targets,  aluminum, 
EPITAXIAL  GROWTH,  structural  PROPERTIES,  mechanical 
PROPERTIES  (U) 

IDENTIFIERS:  DeNDRiTES(CRYSTALLOGRAPHY)  <U) 

THE  ONE-YEAR  EFFORT  IS  DISCUSSED  FOR  MAX.iMIZlNG  THE 
RADIATION  RESISTANCE  OF  SILICON  WEBBED  DEnDRITES 
using  novel  approaches  SUCH  AS  introduction  OF  DRIFT 

FIELDS.  DESIGN  CONSIDERATIONS  AND  FABRICATION 
TECHNIQUES  tor  solar  cells  using  DRIFT-FIELD 
STRUCTURES  are  PRESENTED.  THREE  DIFFERENT 
APPROACHES  FOR  ACHIEVING  GRADED  BASE  STRUCTURES  ARE 
DISCUSSED.  RESULTS  ON  SOLAR  CELLS  FABRICATED  USING 

these  approaches  are  presented*  design 

CONSIDERATIONS  and  ANALYSIS  OF  VARIOUS  SUBSTRUCTURES 
for  solar  cell  panel  assembly  are  discussed, 
efforts  were  devoted  to  the  design  of  solar  cell 

PANELS  FOR  The  PURPOSES  OF  IMPROVING  WATTS/LB, 

ANT  I RfFLECT I VE  COATINGS  WERE  APPLIED  ON  SOLAR  CELLS 
FABRICATED  FRoM  SILICON  WEBBED  DENDRITES. 

IRRADIATION  STUDIES  USING  l MEV  ELECTRON  ENERGY 

on  thf  various  drift  fielo  structures  are  presented. 

IRRADIATION  EXPERIMENTS  ON  P/N  AND  N/p  SOLAR 
CELLS  IN  VACUUM  AND  IN  AIR  WERE  CARRIED  ON  AND  THE 
RESULTS  DISCUSSED,  (AUTHOR)  < U ) 
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unclassified  report 

supplementary  note: 

DESCRIPTORS:  (.SOLaR  CELLS.  MANUFACTURING),  SILICON, 

COSTS,  ENERGY  CONVERSION,  design,  EFFECT  I VF.NESS , 
ELECTRICAL  PROPERTIES,  VOlTaGE  c U > 

EXPERIMENTS  LEADING  TO  AN  OPTIMIZED  DESIGN  FOR  H* / 

p and  p ♦ / n solar  cells  which  are  to  be  utilized  in 

A TERRESTRIAL  ENVIRONMENT  at  a solar  INTENSITY  OF 
ABOUT  350  MW/sQ  CM  ARE  DESCRIBED.  THE  SAME  CELL 
DESIGN  IS  SHOWN  To  BE  OPTIMIZE  FOR  IQO  MW/SQ  CM 
EARTH. S SURFACE  SOLAR  INTENSITIES  AS  WELL . IT  IS 
FOUND  That  The  RESULTS  Of  the  EXPERIMENTS  can  be 
PREDICTED  FROM  theory  TO  a good  APPROXIMATION, 
pilot  LINE  PRODUCTION  Of-  CELLS  UTILIZING  THE 
OPTIMIZED  DESIGN  iS  DESCRIflEO  AND  YIELD  DISTRIBUTIONS 

are  presented,  good  efficiency  yields  are  found  to 

OCCUR  for  both  POLARITIES.  HOWEVER  THE  YIELD 
DISTRIBUTION  of  The  PWN  CELLS  IS  5UPERJ0R  TO  that 

of  Thf  n * / p cells,  the  P*/N  DISTRIBUTION  peaks 
IN  The  13.8-1*4.0*  EFFICIENCY  range  with  a yield  of 
708  OF  The  CELLS  HAVING  an  EFFICIENCY  of  12.98  OR 
GREATER,  the  yield  DISTRIBUTIONS  are  DISCUSSED  IN 
the  light  of  further  analysis  of  the  electrical 

CHARACTERISTICS  OF  THE  CELLS.  (AUTHOR)  <U> 
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THE  EFFECT  of  H Mirv  ELECTRONS  on  COVERED  BRITISH 
SILICON  SOLAR  CELLS.  <u) 

descriptive  note:  technical  RE’T., 

Feb  65  23P  TREBLE, F.  C*  ! 

REPT.  NO*  TR-65026 

unclassified  report 
supplementary  note: 

descriptors:  (.solar  CELLS,  RA'iIaTjON  EFFECTS), 

(•SILICON,  ELECTRON  IRRADIATION),  electrons,  light, 

SOLAR  RADIATION,  CALIBRATION,  n 1 S TR I BUT  I ON  , MEASUREMENT. 
INTENSITY,  DEGRADATION,  ELECTRICAL  PROPERTIES  (U) 

AN  EXPERIMENTAL  STUDY  HAS  BEEN  MADE  OF  THE  EFFECTS 
OF  M mEV  ELECTRON  BOMBARDMENT  On  THE  SPECTRAL 

rfsponse  and  orbital  performance  of  two  British 
makes  OF  10  Ohm  cm  N/p  SILICON  SOLAR  CELLS  #ITH 
CEMEntEO-ON  0. 006-IN.  GLASS  COVER  SLIPS.  A 
SUBSIDIARY  PURPOSE  of  The  STUnY  WaS  To  COMPARE  the 
latest  measurement  techniques  employing  short  circuit 
CURRENT  CALIBRATIONS  IN  THE  LABORATORY  WITH  THOSE  IN 
MALTA  SUNLIGHT.  THE  TWO  METHODS  WERE  FOUND  TO 
GIVE  RESULTS  IN  CLOSE  AGREEMENT,  A FACTOR  RELATING 
THE  Me  AN  MALTA  CALIBRATION  TO  ThE  AIR  MaSS  ZERO 
SHORT-CIRCUIT  CURRENT  WAS  ESTABLISHED  AND  FOUND  TO  BE 

remarkably  insensitive  to  shifts  in  spectral  response 
OF  THE  cells.  THE  RESULTS  OF  THE  study  are 
PRESENTED  as  a SERIES  OF  MEAN  SPECTRAL  RESPONSE  AND 
VOLTagECURRENT  CURVES  SHOWING  ThE  EFFECT  OF  VARIOUS 
RADIATION  FLUXES.  THE  PERFORMANCE  PARAMETERS  of 
INTEREST  are  also  plotted  aS  a FUNCTION  of  electron 
flux.  The  PROBABLE  FALL  IN  SOLAR  CELL  OUTPUT 
DURING  The  LIFE  OF  the  UX.3  SaTeLLITt  is  PREDICTED 
FROM  THE  DATA,  (AUTHOR)  «u> 
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DESCRIPTORS!  <*S0LAR  cells,  FILMS),  COSTS,  weight, 
MANUFACTURING,  ABSORPTION,  GALLIUM  COMPOUNDS,  ARSENIC 
COMPOUNDS,  OXIdES,  SINGLE  CRYSTALS,  CRYSTAL  GROWTH, 
THICKNESS,  DOPING,  GRAIN  BOUNDARIES,  PLATINUM,  SILICON 
COATINGS,  etching,  ANNEALING,  nEGR adat I ON  , humidity, 
temperature,  stability  (U) 

Identifiers:  ant i reflect i on  coatings,  thin  films  (U> 

during  this  contract  thin-film  gaas  solar  cells 
using  semitransparent  pt  lasers  as  the  barrier 
CONTACT  have  been  made  and  INVESTIGATED  TO  IMPROVE 
their  photovoltaic  characteristics,  studies  of  the 

GAAS  FILM,  GROWN  by  THE  CLOSE-SPACED  OXIDE 

TRANSPORT  PROCESS,  AND  ThE  BARRIER  CONTACT  STRUCTURE, 

CONSISTING  OF  The  pt  FILM,  GRtDdING  and 

ant  1 reflect  1 on  coating,  led  to  the  fabrication  of 

CELLS  WITH  the  FOLLOWING  MaXIMUM  EFFICIENCIES: 

S.1S  FOR  0.2  CC,  B.S*  FOR  2»0  CC  AND  3*  FOR  H.O 
cc.  it  wAs  shown  that  degradation  of  these  cells 
IN  ROOM  AMBIENT  is  ouf  to  the  POST-EVAPORATION 
ETCHING  used  OURING  The  FABRICATION  PROCESS. 

stable  cells  were  made  with  efficiencies  of  2.8* 

FOP  areas  of  ?.o  cc.  tests  wepe  made  to  evaluate 

the  EFFECTS  of  TEMPERATURE,  V/'CUUM,  MOISTURE, 
ultraviolet  light,  and  proton  radiation  on  the  pt- 
G a a S STRUCTURE.  (AUTHOR)  (UJ 
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descriptors:  (#S0LaR  cells,  production),  silicon, 

CRYSTAL  growth,  diffusion,  test  METHODS*  SIMULATION, 
INDUSTRIAL  EQUIPMENT,  MANUFACTURING,  PO#ER  SUPPLIES  (U) 

TECHNIQUES  For  PRODUCING  LOW-COST,  high  efficiency, 
SILICON  W EB  DENDRITE  SOLAR  CELLS  ON  AN  UNBALANCED 
pilot  line  are  REPORTED.  SILICON  dendritic  WEB 
(0.5  x 12  in.)  having  thickness,  resistivity,  and 
crystal  properties  eor  device  objectives  was 

PRODUCED.  SILICON  DENDRITIC  WFB  N-ON-p  solar 
CELLS  (1.27  X 30.5  CM)  WERE  FABRICATED  DURING  THE 
PILOT  RUn.  PROCESSES  WERE  DESIGNED  To  ASSURE  A 
YIELD  OF  75*  OF  9*  MINIMUM  EFFICIENT  CELLS. 

the  distribution  of  yield  based  on  solar  cell 

EFFICIENCY  WAS  > OR  » 9*.  J 00*  I > OR  « (0*, 

68*5  AND  > OR  « 11*,  18*,  THE  OVERALL 

PHYSICAL  YIELD  WAS  78*  DURING  ThE  OPERATION  Of  THE 

UNBALANCED  PILOT  LINE.  (AUTHOR)  (U) 
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gamma  Radiation  effects  in  silicon  solar  cells.  <u> 

Oct  50  37  P ENSlOW  .G.  JJUnGA  ,F.  { 

H A P P • W » A w * 

REPT.  no.  LMSD-5 1 37 

Contract!  afo‘I{687)-97 

UNCLASSIFIED  REPORT 


Descriptors:  (.SOLAR  CELLS.  •DAMAGE).  SILICON,  <5AMma 

RAYS,  ELECTRICAL  PROPERTIES,  POWER  SUPPLIES.  (U>POWER 
SUPPLIES  (U) 

ten  silicon  solar  cells  were  irradiated  by  ioo- 
CURIE  CO  60  GaMMA  RaY  SOURCE  TO  A DOSe  OF  10  TO  THE 
7TH  POWER  R.  I N-S I TU  MEASUREMENTS  OF  THE  OPEN- 
C I RCU i T VOLTAGE  AND  SHORT-CIRCUIT  CURRENT  WERE 
OBTAINED.  CALCULATIONS  TO  PREniCT  The  performance 
of  Silicon  solar  cells  under  irradiation  were  made  on 
The  BASIS  of  known  PROPERTIES  Of  SILICON  and  on  The 
basis  of  models  OF  RADIATION  damage  in  solids. 
CALCULATED  ANn  EXPERIMENTAL  RESULTS  WeRE  COMPARED, 

THE  ELECTRICAL  CHARACTERISTICS  OF  THE  SOLAR  CELLS 
WERE  MEASURED  as  A FUNCTION  Or  TEMPERATURE  BEFORE  ANd 
after  IRkADIAtION.  The  PERFORMANCE  OF  A SILICON 
SOLAR  cell  POWER  SUPPLY  in  RadIaTiON  FIELDS  IS 
DISCUSSED.  (AUTHOR)  (U) 
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unclassified  REPORT 


DESCRIPTORS*.  <«SOLaR  CELLS,  FEASIBILITY  studies), 
silicon,  electrical  resistance,  voltage*  photoengraving, 
boron,  coatings,  phosphorus,  diffusion,  epitaxial 

GROWTH . ARSENIC,  ELECTRICAL  CONDUCTIVITY,  VAPOR  PLATING, 
TITANIUM,  SILVER.  INDIUM,  DOPING,  REDUCTION,  ALIGNMENT, 
semiconductor  diooes,  circuits,  leakageielectricad  , 
OSCILLATORS,  FREQUENCY  CONVERTERS  c u > 

identifiers:  photo-resist  <u> 

this  report  covers  the  progress  on  the  high 
volage  solar  cell  array  segment  for  The 
PERIOD  I APR  to  1 JULY,  1966,  SUITABLE 

photoresist  techniques  for  web  silicon  were  developed 
during  This  period  and  critical  alignment  and  coating 
TECHNIQUES  were  designed,  the  utilization  of 
SUBCOlLEcTORS  FOR  THE  HIGH  VOlTaGE  CELL  IS 
DISCUSSED,  A MODEL  for  The  HIGH  voltage  cell  was 
SET  UP  AND  ANALYZED,  the  POWER  LOSSES  IN  herent  in 
The  STRUCTURE  and  the  approaches  needed  to  solve  them 
WERE  INVESTIGATED  and  reported,  development  OF  the 
OSCILLATOR  and  MULTIPLIER  CIRCUITS  Was  continued. 
(AUTHOR)  <u> 
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UNCLASSIFIED  REPORT 


DESCRIPTORS:  <*SOLaR  cells,  SILICON),  radiation  effects, 

PROTONS,  electrons,  DEGRADATION,  damage,  radiation 
EFFECTS.  ELECTRICAL  PROPERTIES,  MEASUREMENT. 

CALIBRATION  (U> 

the  radiation  degradation  data  for  ten  ohm-cm  n/ 

P SILICON  SOlaR  cells  WHICH  existed  at  the 
initiation  of  this  test  program  was  in  need  of 
FURTHER  SUBSTANTIATION  AND  IMPROVEMENT*  a test 
program  was  thus  commenced  which  would  provide 
COMPLETE  and  reliable  PERFORMANCE  data  for  the 
SUPPORT  of  The  POWER  system  DFS I Gn  and  the  assurance 
of  the  system. 5 Reliability,  solar  cells  were 
IRRADIATED  with  ELECTRONS  with  four  energies  and 
PROTONS  with  three  ENERGIES.  COMPARABLE  cells 
PRODUCED  by  FOUR  DIFFERENT  MANUFACTURERS  were 
INCLUDED,  SOLaR  CFLL/cOVeR/ADHES I VE  COMPOSITE 
SAMPLES  WERE  FLECTRON-IRRADI ATEd.  i-v 
CHARACTERISTICS  were  obtained  at  intermediate,  as 
well  aS  final,  TOTAL  FLUX  LEVELS.  THE  DESIRED  TEST 
DATA  were  OBTAINED  with  a HIGH  DEGREE  OF  ACCURACY. 

THE  CELLS  OF  the  FOUR  MANUFACTURERS  W£RE 
SUBSTANTIALLY  EQUAL  IN  RaDIATjOn  TOLERANCE*  LITTLE 
DIFFERENCE  Was  NOTED  BETWEEN  the  PERFORMANCE  OF  I and 
10  OHM-CM  CELLS,  it  WAS  CONCLUDED  THAT  ONLY  POWER 
MEASUREMENTS  are  VALID  as  CRITERIA  for  RELATIVE  power 
SYSTEM  DEGRADATION.  (AUTHOR)  |U) 
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UNCLASSIFIED  report 


DESCRIPTORS*.  (*solar  cells,  SILICON),  electrons,  damage, 

RADIATION  EFFECTS,  SENSITIVITY, 

PERFORmANcE(ENgINEERING) , TEMPERATURE,  DEGRADATION  (U> 

the  silicon  solar  cell  has  radiation  degradation 
CHARACTERISTICS  which  have  BEEN  THOROUGHLY 
INVESTIGATED,  and,  as  a result,  ARE  WELL-ESTABLISHED. 
the  radiation  sensitivity  of  groups  of  these  cells 
ASSEMBLED  into  MODULES,  HOWEVER,  had  NOT  been 
INVESTIGATED  PRIOR  TO  The  PERFORMANCE  Of  THIS 

experiment,  the  objective  of  the  experiment  was  to 
observe  the  sensitivity  of  the  lmsc  solar  cell  sub- 

PANEL  CA  TEN-CELL  IN  PARALLEL  MODULE)  AS  COMPARED  TO 
SINGLE  SOLAR  cells,  any  VARIATION  OF  THIS 
sensitivity  among  various  manufacturing  batches  was 
TO  BE  ESTABLISHED,  as  a result  of  the  experiment 
IT  Was  FOUND  THAT  The  manufacturing  processes 
CURRENTLY  USED  do  NOT  AFFECT  THE  RADIATION  PROPERTIES 
OF  The  module,  the  module  suffers  RADIATION 
degradation  at  the  same  rate  as  do  single  solar 

CELLS.  No  BATcH-TO-BATCH  DIFFERENCES  oF  THESE 
PROPERTIES  were  FOUND,  (author)  (U) 
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supplementary  note: 

Descriptors:  (.SOLaR  CELLS.  FILMS).  <*cADMIUM  COMPOUNDS. 

sulfides),  vapor  plating,  vacuum  apparatus,  single 
CRYSTALS,  TITANIUM,  COPPER  cOmp°UNdS,  CHLORIDES,  indium, 
MOLYBDENUM,  SILICON  COMPOUNDS,  MONOXIDES,  surface 
PROPERTIES,  ENERGY  CONVERSION,  EFFECTIVENESS  <U) 

Identifiers:  thin  films  <m> 

CONSIDERABLE  EMPHASIS  has  been  placed  on  the 
DEVELOPMENT  of  the  CHEMIplaTED  OR  IMMERSION  TECHNIQUE 
FOR  The  BARRIER  FORMATION,  GAINS  of  ABOUT  ho*  in 
conversion  efficiency  have  been  realized  over  the 

STANDARD  EFFICIENCY  OF  2.5*.  LIGHTER  WEIGHT 

solar  cells  have  been  fabricated  on  titanium 
SUBSTRATES  WITH  HjGH  pOWfR  TO  WEIGHT  RATIOS*  SOLAR 
CELLS  USING  H-FILM  AS  The  SUBSTRATE  MaTeRJAL  HAVE 
BFEN  mADE  with  EFFICIENCIES  OF  OVER  Hft  AND  POWER  TO 

weight  ratios  greater  than  ho.  the  vacuum 

DEPOSITION  of  CDS  ON  SINGLE  CRYSTAL  CoS  Has 
been  PERFORMED  tg  STUDY  EFFECTS  of  substrate 
PERFECTION  on  The  QUALITY  of  THE  film,  solid  state 
REACTIONS  of  cuci  AND  CDS  WERT  INVESTIGATED 
IN  ORDER  to  PREPARE  MORE  EFFECTIVE  barriers. 

INDIUM  PiATED  MO  SUBSTRATES  W^RE  UTILIZED  TO 
PROVIDE  OHMIC  CONTACTS  AT  THE  CDS  SUBSTRATE 
INTERFACE.  SPECTRAL  RESPONSE  of  ELECTROPLATED  and 
CHEMIPLATED  CELLS  AS  a FUNCTION  OF  T I mE  SHOWS  VHAT 
the  LaTTeR  APPEAR  TO  BE  more  stable  IN  ORDINARY 
AMBIENTS,  The  USE  OF  510  THIN  FjLMS  ON  THE  TOP 
SURFACE  OF  THE  CELLS  HAS  LED  TO  A MORE  STABLE  CELL  * N* 
THE  PRESENCE  oF  WaTER  VAPOR.  nPTlCAL  STUDIES  ON 
THE  CHEMIPLATFO  BARRIER  LAYER  H*VE  CONFIRMED  A CU2- 
XS  COMPOUND  OF  A thickness  OF  about  IrOOA  AND 
EXHIBITING  free  CARRIER  ABSORPTION. 

|U) 
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a polyvariable  experiment  was  performed  on  p<»)/n 
solar  cells  to  determine  the  optimum  design  for 
PERFORMANCE  at  SOLAR  INTENSITIES  OF  about  350  Mw/SQ 
CM*  The  region  OF  maximum  RESPONSE  #AS  DETERMINED 
AND  INDICATED  That  A 13  LINE  GRID  PATTERN  COMBINED 
WITH  a 12  mINuTE  DIFFUSION  TIME  WOULD  GIVE  THE 
MAXIMUM  PERFORMANCE  For  PI*)/N  CELLS  OPERATED  AT 
SOLAR  INTENSITIES  UP  to  350  MW/SQ  CM.  A 
BIVARiABlE  EXPERIMENT  PERFORMFO  ON  P(*)/N 
POLYcrTSTALLInE  CELLS  has  SHOWN  THaT  POlTcRTSTALL i ne 
CELLS  CAN  BE  OPTIMIZED  ANO  DESIGNED  FOR  USE  IN 
CONCENTRATED  LIGHT  SY5TEMS.  IT  WAS  FOUND  THAT  CELL 
DESIGNS  NEAR  THE  REGION  OF  MAXIMUM  RESPONSE  ACTUALLY 
SHOWED  INCREASED  EFFICIENCIES  AT  316  M*/SQ  CM 
EQUIVALENT  SOl.AR  INTENSITIES,  THE  FABRICATION  OF 
CELLS  HAVING  FROM  M TO  B TIMES  THE  ACTIVE  AREA  OF  THe 
NORMAL  1 X 2 CM  CELL  INDICATES  THaT  LaRQE  AREA  CELLS 

can  b f made  with  short  circuit  current  densities  and 

OPEN  l I R c Ui T VOLtAGES  ThAT  COMPARE  GUiTe  CLOSELY  WJTh 
THOSE  OBTAINED  FROM  l X ? c«.  INVESTIGATIONS  HAVE 

been  made  to  determine  methods  of  eliminating  THE 

TIME  CONSUMING  ANd  RELATIVELY  EXPENSIVE  JUNCTION 
CLEAN  UP  etch  WITH  A more  rapid,  less  costly  PROCESS, 

(U) 
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IDENTIFIERS:  Thin  FILMS  (Ml 

THE  DEGRADATION  OF  ELECTROPLATED  CELLS  HAS  BEEN 
closelT  OBSERVED  and  it  has  been  FOUND  that  recovery 
CAN  be  ACCOMPLISHED  UNDER  PROPER  CONDITIONS. 

CHEMICAL  MILLING  OF  The  substrate  is  an  excellent 
METHOD  FOR  PRODUCING  HIGH  POWER  TO  WEIGHT  RATIO 

cells,  fabrication  of  the  one-half  and  one  square 

foot  MECHANICAL  SAMPLE  ARRAYS  INDICATE  IMPROVED  TOTAL 
AREA  UTILIZATION  FACTORS,  PHOTOVOLTAIC  CELLS  AND 

diodes  have  been  prepared  by  first  depositing  a Thin 

FILM  OF  cUCL  ON  CDS.  THE  CUCL  »US 
SUBSEQUENTLY  CONVERTED  To  CU9,5S5  BY  mEaNS  OF 
H2S.  OPTICAL  STUDIES  ON  ELECTROPLATED  AND 
CHEMlpLATEO  BARRIERS  HAVE  SERVED  TO  CONFIRM  ThE 
PRESENCE  OF  CU2S  ALONE  OR  MIXED  W I TH  cUS. 

THIN  LAYERS  OF  SIO  HAVE  BEEN  UTILIZED  AS  A 

water  vapor  barrier  to  significantly  decrease 

DEGRADATION  of  CELLS.  ADDITIONAL  THEORETICAL  WORK 
has  been  PERFORMED  on  a HE7EROJUNCT ion  model  of  The 
CELL  OPERATION.  (AUTHOR)  (U) 
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alloys,  spacecraft.,  power  supplies,  expanded  plastics, 
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(ENGINEERING),  CORROSION,  LiThiUm,  LIQUID  METALS, 
SUBLIMATION,  design,  STORAGE*  SEMICONDUCTORS, 
THERMOCOUPLES  (U> 

A SOLAR  FLAT  PLATE  THERMOELECTRIC  CONVERTER 
CONSISTS  OF  A COLLECTOR  PLaTE  *ITh  AN  OpTlCALLv 
SELECTIVE  COATING,  SMALL  size  THERMOELEMENTS,  a 
radiator  PLATE  and  a SUPPORT.  The  COLLECTOR  and 
radiator  PLATES  WERE  FOLDED  INTO  SELFSUPPORTING 
STRUCTURES  WHICH,  COMBINED  with  ALUMINUM  tubular 
members,  comprised  the  panel  support  configuration, 
this  design  resulted  in  a very  low  converter 
WEIGHT,  only  53  GRAMS  Per  SQUARE  foot,  a NUMBER  of 
prototype  panels,  were  fabricated  and  tested,  the 
panels  passed  specified  environmental  test  without 
physical  or  electrical  changes,  evaluation  of  The 
optically  selective  coating  disclosed  That  the 
COATING  EFFICIENCY  actually  OBTAINED  IN  the  pilot 
production  runs  was  only  eos  of  the  literature 
value.  The  PROCESSING  OF  The  BISMUTH  tELLURIDE 
THERMOELECTRIC  material  into  the  shape  and  SIZE 
required  for  the  solar  Panels  caused  a decrease  in 
performance  relative  to  large  size  thermoelements, 
this  DECREASE,  combined  with  BASIC  MATERIAL 
PROPERTIES  inferior  to  LITERATURE  values,  resulted  In 
A THERMOELECTRIC  EFFICIENCY  ONLY  50*  OF  THAT 
INITIALLY  EXPECTED. 
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(ENGINEERING),  SPACE  PROBES  <U) 

GENERAL  PRINCIPLES  OF  DESIGN  ARE  OUTLINED  FOR  THE 

use  of  silicon  solar  cells  for  power  in  space  probes. 
SEVERAL  electrical  CHARACTERISTICS  IMPORTANT  TO 
DESIGN  ARE  CONSIDERED.  ANALYSIS  OF  POSSIBLE 
GEOMETRIC  CONFIGURATIONS  of  SOLaR  cells  is  given 
along  with  a semi-empirical  method*  mention  is 
made  of  temperatures  ano  temperature  control,  the 

RESULTS  are  USED  TO  INDICATE  A DESIGN  APPROACH.  (U) 
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IRRADIATION) 

properties, 

IARTIFICIaD 


(•SOLAR  CELLS,  OAMAGE),  (•SILICON, 

, SEMICONDUCTOR  devices,  electrical 
photoelectric  effect,  satellites 

, POWER  SUPPLIES,  ( U ) POWER  SUPPLIES 


electron 


(U) 


a study  was  m*de  of  the  radiation  damage  in  u 

TYPES  OF  SILICON  SOLAR  CELLS  AS  A RESULT  OF  l-MEV 
electron  bombardment,  included  in  the  study  ARE  P/ 

N CELLS,  N/P  CELLS  OF  DIFFERENT  BULK  RESISTIVITIES, 
PLANAR  CELLS,  AND  DRIFT-FIELD  CELLS#  a COMPARATIVE 
ANALYSIS  WAS  MADE  OF  THE  RaD I AT  1 ON  I NOuCED  DEGRADATION 
in  these  cells  as  a function  of  shortcircuit  current, 
maximum  POWER  output,  MINORITY-CARRIER  diffusion 
length,  and  photovoltaic  spectral  response#  the  p/ 

N CELLS  WERE  FOUND  to  be  MUCH  MORE  SENSITIVE  to 

radiation  damage  than  any  type  of  n/p  cells  in  this 
investigation,  in  th  n/p  cells*  there  is  a 
definite  indication  of  increasing  radiation 
resistance  accompanying  increasing  values  of  bulk 
resistivity,  up  to  io  ohm-ch#  the  drift-field 
solar  cells  exhibit  a further  improvement  in 
RADIATION  resistance  beyond  that  of  the  other  types 

OF  N/P  CELLS,  (AUTHOR)  (U) 
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FILMS  ( U I 


THE  Report  discusses  the  DETAILS  of  the  CHEMICAL 
spray  DEPOSITION  TECHNIQUE  THAT  #aS  USED  FOR  THE 
DEPOSITION  OF  THE  COS  AND  CU  SUfi  X S SUB  V 

semiconductor  films,  topics  include  film 
deposition  techniques,  film  studies,  cell 

FABRICATION,  and  TEST  INSTALLATION.  (U) 
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supplementary  note: 
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SILICON  SOLAR  CELLS  WERE  IRRADIATED  W(Th  SOO  KEV 
ELECTRONS  to  DETERMINE  The  EFFECT  OF  ELECTRON 
RADIATION  SIMILAR  to  THAT  ENCOUNTERED  IN  SATELLITES 
ON  The  EFFICIENCY  of  solar  cells,  the  EXPERIMENTS 
SHOW  THAT  an  INTEGRATED  FLUX  OF  ABOUT  S X |0  TO  THE 
13TH  POWER  E/sQ  CM  REDUCES  SILICON  SOLAR  CELL 
efficiency  by  about  25  percent,  additional 

EXPERIMENTS  USING  QUART;  AND  GLASS  SHIELDING  FOR 
RADIATION  PROTECTION  show  the  SUITABILITY  of  REDUCING 
the  radiation  damage  by  this  technique*  combining 
THE  EXPERIMENTAL  RESULTS  WlTH  THE  SIMPLE  THEORY, 

0.065  IN,  OF  QUARTZ  Or  GLASS  ARE  INDICATED  AS 
necessary  TO  PROVIDE  protection  FROM  BOO  KEV 
ELECTRONS  in  THE  TRAPPED  RADIATION  BANDS. 

ADDITIONAL  PROTECTION  of  shielded  silicon  solar 
CELLS  RILL  RESULT  FROM  ANNEALING  OF  RADIATION  INDUCED 
DEFECTS  at  A LOW  RATE  NEAR  ROOM  TEMPERATURES,  no 

quantitative  data  on  annealing  was  obtained  from 
THESE  EXPERIMENTS,  BUT  THIS  EFFECT  SHOULD  BE  REGARDED 
AS  A SUBJECT  FOR  FURTHER  INVESTIGATION  IN  ADDITION  To 
DETAILED  INVESTIGATION  of  RADIATION  DAMAGE  IN  SILICON 
solar  CELLS.  (AUTHOR)  (U) 
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IDENTIFIERS!  MARINER,  TRANSIT  (U) 

AN  ACCOUNT  IS  GIVEN  OF  GENERATION  OF  ELECTRIC  POWER 
FOR  TRAVEL  BY  ROCKETS,  SATELLITES,  ANo  SPACE  SHIPS. 

The  POWER  is  GENERATED  by  SOLaR  MEANS,  RADIOACTIVE 
ISOTOPES,  OR  NUCLEAR  REACTORS.  BRIEF  MENTION  IS 

made  of  the  flight  of  'mariner  ii*  toward  venus 

AND  OF  The  USE  OF  RADIOISOTOPES  FOR  TmE  AMERICAN 
NAVIGATIONAL  SATELLITES  * TRANS  I T IV  A'  AND 

•transit  iv  B*.  radioactive  contamination  of  the 

MOON  OR  OF  any  OTHER  PLANET  ON  WHICH  LANDINGS  MIGHT 

be  made  is  also  discussed.  iu> 
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TELLURjDES).  SEMICONDUCTORS,  SINGLE  CRYSTALS.  VAPOR 
PLATING.  MOLYBDENUM,  MANUFACTURING,  IMPURITIES,  powders, 
DIODES  I SEMICONDUCTOR ) , GOLD,  ELECTRIC  CONNECTORS, 
ENCAPSULATION,  SILICON  COaTiNGS.  METAl  COATINGS,  PLASTIC 

coatings,  oxides,  heat  treatment,  voltage,  indium 
COMPOUNDS,  COPPER  COMPOUNDS,  selenides,  storage. 
ENVIRONMENTAL  TESTS  IU) 

identifiers:  CADMIUM  TELLURIDE,  COPPER  TeLLURIDE. 

1 NO  I UM ( I I 1 > OX  I OE  ( u ) 

LARGE-AREA  <5a  SQ  CM)  CELLS  THAT  WERE  M.6* 

EFFICIENT  AND  A SOLAR  PANEL  - 1/2  SQ  fT  IN  AREA  - 
WERE  FABRICATED.  ON  THE  AVERAGE,  THE  EFFICIENCY, 

THE  POWER  OUTPUT  PER  UNIT  WEIGHT,  AND  THE  YIELD  OF 

large  area  solar  cells  made  from  cadmium  telluride. 

FILMS  ALL  INCREASED  MONOTON  I C ALL Y DURING  THE  CONTRACT 
PERIOD  <1  SEPTEMBER  1962  TO  31  DECEMBER  196M), 

THE  COMPOSITE  OBJECTIVE  FOR  The  run  of  the  contract 
WAS  THE  DEVELOPMENT  of  lightweight,  FLEXIBLE,  SOLaR 
CELLS  OF  APPROXIMATELY  5«  MAXIMUM  EFFICIENCY. 

THE  SEMICONDUCTOR  MATERIAL  WAS  TO  BE 
POLYCRYSTALLINE  CADMIUM  TELLURIDE.  THE  CELLS  WERE 

to  withstand,  or  show  promise  of  withstanding, 

WITHOUT  DETERIORATION  A NORMAL  LABORATORY 
ENVIRONMENT,  PARTICLE  AND  ULTRA-VjOLET  RADIATjON, 

HIGH  AND  LOW  TEMPERATURES,  AND  VACUUM.  THE  VARIOUS 

investigations  that  were  undertaken  to  achieve  such 
large  area  cells  are  discussed  in  detail  in  this 
report,  the  investigations  include  studies  of 
photovoltaic  junctions,  film  growth  Techniques. 

COLLECTOR  ELECTRODES,  COLLECTOR  BUSBARS,  AND 

capsulation  techniques.  iauthoR)  iu> 
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Identifiers:  structure  <m> 

the  REPORT  DISCUSSES  THE  CONTINUED  DEVELOPMENT  OF 
DRIFT  FIELD  SoLaR  CELLS  USING  EPITAXIAL  GROWTH 

techniques  and  solar  cell  panel  fabrication  and  array 

DESIGN  STUDIES.  MODIFICATIONS  IN  THE  GRAPHITE 
RESISTANCE  EPITAXIAL  system  ARE  DISCUSSED. 
attempts  to  grow  5102  films  directly  on  the 

DIFFUSED  CELL  SURFACE  WERE  MADE.  RESULTS  OF  T«E 
IRRADIATION  SERIES  OF  l MEV  ELECTRONS  ON  Al- 

doped  solar  cells  are  presented,  the  module  and 
the  panel  size  using  the  ’slotted  angle*  design  has 

BEEN  FINALIZED.  DESIGN  STUDIES  OF  ARRAYS  UP  TO  20 
SQUARE  FEET  ARE  PRESENTED  and  DISCUSSED.  (AUTHOR) 

(U) 
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descriptors:  ( ^SEMICONDUCTING  FILMS.  SoLAR  CELLS). 

(OS0LAR  CELLS,  FILMS),  (•CADMIUM  COMPOUNDS,  SULFIDES), 

ENERGY  CONVERSION,  PLATING,  COPPER  COMPOUNDS,  CHLORIDES, 

vapor  plating,  vacuum  apparatus,  silicon  compounds, 

MONOXIDES,  DEGRADATION,  SURFACE  PROPERTIES,  DAMAGE, 

RADIATION  EFFECTS,  EFFECTIVENESS,  ENVIRONMENTAL  TESTS, 
MOLYBDENUM,  QUaRTZ,  TANTALUM,  SILICON,  CALCIUM 
COMPOUNDS,  FLUORIDES,  TITANIUM,  NICKEL  alloys,  IRON 
ALLOYS,  SINGLE  CRYSTALS  <U* 

Identifiers:  cadmium  sulfides.  Thin  films  <u) 

research  and  development  of  front  wall,  thin  film, 
flexible,  light  weight  cds  solar  cells  was 

CONTINUED  and  DECIDED  IMPROVEMENTS  HAVE  BEEN 
accomplished,  a one  square  foot  array  shows  a 
power  to  weight  Ratio  of  about  35.0  watts/lb.  with  an 
OVERALL  area  UTILIZATION  FACTOR  OF  OVER  0.80.  A 
NEW  CHEMICAL  BARRIER  FORMATION  PROCESS  WAS  DEVELOPED 
PROVlolNG  higher  CELL  EFFICIENCES.  exposure  of 

CELLS  To  ELECTRON,  PROTON  aND  COBALT  *0  RADIATION 
show  LITTLE  OR  NO  DAMAGE,  STUDIES  ON  the  formation 
of  the  cos  layer  indicate  a higher  degree  of 
PREFERRED  ORIENTATION  and  CRYSTALLITE  SIZE  as  The 
SUBSTRATE  TEMPERATURE  INeRFASES.  crystallites  of 
100  MICRON  DIMENSION  were  OBSERVED.  OPTICAL 
MEASUREMENTS  on  The  P-LAYEP  CONFIRM  The  conclusion 
that  the  BARRIER  LAYER  IS  A HIGHLY  CONDUCTING  COPPER 
SULFIDE.  OVERlAYERS  of  Sio  DEPOSITED  ON  ThE 
CELL  DECREASE  THE  RATE  OF  WATER  VAPOR  DEGRADATION, 
but  MECHANICAL  IMPERFECTIONS  RESTRICT  The  THICKNESS 
OF  Thf  deposited  LAYER.  THEORETICAL  ANALYSIS  OF  The 
experimental  data  show  serious  and  probably 
INSURMOUNTABLE  PROBLEMS  with  APPLICATION  of  either  a 
SURFACE  STATE  OR  TRAP  MODEL  FOR  ThE  CDS  SOLAR 
CELL. (AUTHOR)  <U) 
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EFFECTS  OF  PASSIVE  ATTITUDE  CONTROL  ON  SOLAR  POKER 
SYSTEMS,  (u) 

may  6h  17P  f i schell , Robert  e.  : 

REPT.  NO.  CF-3077 
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UNCLASSIFIED  report 


supplementary  note: 


descriptors:  usolaR  cells,  attitude  CONTROL  systems), 

(•ATTITUDE  CONTROL  SYSTEMS,  solar  cells),  spacecraft, 
SATELLlTES(ARTlFIClAL) , POKER  SUPPLIES,  STABILIZATION, 
orbits,  solar  RADIATION,  SP I nn I Ng ( MOT  I ON  ) , GEOMAGNETISM, 
gravity  (U) 


THERE  IS  A STRONG  RELATIONSHIP  BEtKEEn  A 
SPACECRAFT'S  ATTITUDE  CONTROL  SYSTEM  ANp  ITS 

capaciLity  for  generating  electrical  poker  from  solar 
cells,  the  effects  of  four  particularly 
interesting  passive  attitude  control  techniques  on 

THE  SPACECRAFT'S  SOLAR  POKER  SYSTEM  are  DISCUSSED. 

these  four  techniques  are:  solar  stabilization, 

SPIN  STABILIZATION,  MAGNETIC  stabilization,  gravity 
GRADIENT  STABILIZATION.  (U) 
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DESCRIPTIVE  note:  final  rept., 
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Rept.  no.  NRL-&333 

PROj:  SF-OI 3-I2-0R-HS33  , SR-00 7 - 1 I - 0 I -0&R9 

UNCLASSIFIED  REPORT 

supplementary  note:  see  also  ad-6Qb  213. 

DESCRIPTORS:  USOLaR  CELLS.  SILICON).  I*PROTON 

bombardment,  solar  cells),  <*daMage»  solar  cells), 
ELECTRICAL  properties,  photoelectric  effect, 

SATELLITES! ARTIFICIAL) , POWER  SUPPLIES,  DEGRADATION, 
(U)DEGRADATION  (U) 

a STUDY  was  Made  of  the  radiation  damage  in  ten 
TYPES  of  SILICON  SOLAR  CELLS  AS  A RESULT  OF  R.&-MEV 
PROTON  BOMBARDMENT,  the  cells  comprised  such  types 

AS  p/N  CELLS,  N/P  CELLS  WITH  DIFFERENT  BULK- 
RESISTI VlTIES,  PLANAR  CELLS,  AND  DRIFT-FIELD  CELLS. 

A COMPARATIVE  ANALYSIS  Was  MADE  OF  THE  RADIATION- 
INDUCED  degradation  in  these  cells  as  a function  of 

SHORT-CIRCUIT  CURRENT,  MAXIMUM  POWER  OUTPUT , 
MINORITY-CARRIER  DIFFUSION  LENGTH,  AND  PHOTOVOLTAIC 
SPECTRAL  RESPONSE.  THE  P/N  CELLS  WERE  FOUND  TO  BE 
MORE  SENSITIVE  TO  RADIATION  DAMAGE  THAN  ANY  TYPE  OF 

N/P  CELL  in  This  study,  in  the  n/p  cells,  there  is 

A DEFINITE  TRpND  TOWARD  INCREASING  RADUTlON 
RESISTANCE  ACCOMPANYING  INCREASING  VALUES  of  BULK 
RESISTIVITY,  up  TO  ID  OHM-cM.  ThE  DRIFT-FIELD  SOLAR 
CELLS  EXHIBIT  A FURTHER  IMPROVEMENT  In  RADIATION 
RESISTANCE  BEYOND  THAT  OF  THE  OTHER  TYPES  OF  N/P 
CELLS.  (AUTHOR)  (U> 
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SOLNECHNYyE  BATAREI.  MOSCOW/LEN I NGRAO . 1961.  72P. 
MASSOVaTA  radio  BIBLIOTEKA  (USSR),  V396  72P  1961. 

DESCRIPTORS:  (*SOLaR  CELLS.  SILICON).  USSR.  ENERGY 

conversion,  photoelectric  cellsi semiconductor ) , 

PHOTOELECTRIC  EFFECT,  ABSORPTION,  EFFECTIVENESS, 
IMPURITIES.  ELECTRICAL  CONDUCTIVITY  <U> 

identifiers:  ELECTRICAL  CONDUCTIVITY  « M I 

THE  PAMPHLET  PRESENTS  PHYSICAL  PRINCIPLES  OF  WORK 

of  silicon  solar  energy  photoelectric  converters. 
CONSIDERED  are  ELECTRICAL  and  SPECTRAL 
CHARACTERISTICS  OF  INSTRUMENTS  and  FACTORS  affecting 
magnitude  of  converter  efficiency,  peculiarities  of 

USE  OF  Solar  BATTERIES  ARE  CHARACTERIZED,  a NUMBER 
OF  CONSTRUCTIONS  of  BATTERIES  ARE  DESCRIBED  and 
EXAMPLES  ARE  GIVEN  OF  THEIR  APPLICATION  IN  DIFFERNENt 
AREAS  of  SCIENCE  and  TECHNOLOGY.  (AUTHOR)  <U) 
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Supplementary  note:  presented  at  the  ieee  aerospace 
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descriptors;  <*solaR  cells,  silicon),  epitaxial  growth. 
PHOSPHORUS,  diffusion,  coatings,  quartz, 
performanceiengineering) • solar  panels,  electric  power 

PRODUCTION  !U> 

the  method  of  FABRICATION  for  OENDRITIC  SILICON 
SOLAR  CELLS  of  30  SQ  CENTIMETERS  IS  DESCRIBED!  BOTH 
CONVENTIONAL  n ON  P and  N on  P DRIFT-FIELD 
CELLS  APe  INCLUDED.  THE  N ON  P CELLS  ARe 

formed  through  diffusion  of  phosphorus  on  the  top 
surface:  the  dRjft-fielo  cells,  through  epitaxial 
growth  Of  a RO-MIcRON  layer  on  A SEGMENT  of  DENDRITIC 
silicon  web  material  followed  by  phosphorous 
diffusion,  ant i -reflect i on  coatings,  and  integral 
quartz  coatings,  experience  in  fabRIcaTing  these 
CELLS  and  in  UTILIZING  1 hem  on  A FLEXIBLE  array  is 
summarized  and  their  POTENTIALS  for  LOWER  WEIGHT, 

LONGER  life,  and  lowfr  cost  are  assessed:  space 
performance  ESTIMATES  ALSO  ARE  INCLUDED.  THE  USE 
of  the  ion  implantation  junction  formation  in  the 

FABRICATION  of  HIGHLY  EFFICIENT,  thin  DENDRITIC 
SILICON  SOLAR  CELLS  AlSO  IS  OUTLINED.  MEASUREMENTS 
ACCOMPLISHED  aT  ThE  A I R FORCE  *ERO  PROPULSION 
LABORATORY  ON  The  Various  CELL  TYPES  *Re  INCLUDED. 

( author  ) <u> 
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EFFECTIVENESS,  ELECTRIC  POWER  PRODUCTION,  SIMULATORS# 
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THE  PROBLEM  OF  CORRELATING  THE  MEASURED  RADIATION 

energy  intensity  of  several  flux  detectors  under  the 

CARBON-ARC.  xenon,  AND  TUNGSTEN-FILAMENT  LAMPS  as 
solar  simulators  is  complex,  associated  factors  of 

BASIC  IMPORTANCE  IN  UNDERSTANDING  THIS  CORRELATION 
ARE  SPECTRAL  CONTINUITY,  STABILITY,  SPECTRAL 
distribution,  and  uniformity  OF  INTENSITY  OF  the 
ARTIFICIAL  LIGHT  SOURCES,  A PROCEDURE  FOR 
establishing  accurate,  incident  radiation  flux  or 

INPUT  ENERGY  UNDER  THE  MENTIONED  LIGHT  SOURCES  IS 
ESSENTIAL  TO  INSURE  AGREEMENT  in  solar-cell 
efficiency  measurements,  the  use  of  this 

CORRELATION  is  ILLUSTRATED  IN  ThE  REPORTING  OF  THE 
PERFORMANCE  CHARACTERISTICS  of  the  WESTINGHOUSE 
OfNDRlTlc,  SILICON,  STANDARD,  AND  DRIfT-FIELD,  SOLAR- 
CELL  ARRAYS.  (AUTHOR)  <U) 
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unclassified  report 
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mathematical  models,  experimental  data,  < u iexpeRimenTaL 


EXPERIMENTAL  data  OBTAINED  ON  The  degradation  of 
the  ShORT-CIRcuIT  current  in  i-ohm-cm  n/p  silicon 
solar  cells  irRadiateo  by  lOW-ENERGY,  0, 1-3.0 
MEV,  PROTONS  were  ANALYZED  WITH  THE  AID  OF  AN 
N-LAYeR  SOLAR-CELL  MOoEL.  THE  RESULTS  SHOW  THaT 
THE  DAMAGE  CONSTANT,  K(E  SUB  P>,  RISES  LESS 
RAPIDLY  WITH  DECREASING  proton  energy,  e sub  p, 

THAN  IT  DOES  at  HIGHER  PROTON  ENERGIES*  THE 

DERIVED  DAMAGE  law  WAS  ANALYTICALLY  DESCRIBED,  the 

REPRESENTATION  WAS  FOUND  ADEQUATE  FOR  INCIDENT  PROTOn 

ENERGIES  OF  0,5.  I.  AND  3 MEV  AND  DEFINITIVE  E 

SUB  p > oR  ■ 0*1  MEV,  the  value  OF  K SUB  0 

listed  should  be  considered  as  representative  only  Of 

THE  PARTICULAR  solar  CELLS  ANALYZED.  (AUTHOR)  IU) 
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research  lab.,  Washington,  d.  c*  presented  at 
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DESCRIPTORS:  I»S0LAR  CELLS.  COATINGS), 

PERFORMANCE(ENGINEERING) . glass,  quartz,  space 
ENVIRONMENTS,  DAMAGE,  RADIATION  EFFECTS,  CERAMjC 
COATINGS  (U) 

PRESENT  INTEGRAL  cover  CONFIGURATIONS  In  the  1 TO  2 
mil  thickness  Range  can  operate  satisfactorily  in 
SPACE  For  extended  time  PERIODS,  panel  weight 
REDUCTIONS  of  mo  percent  are  possible  for  ONE-YEAR 
OPERATION  IN  SPACE  with  A DOSE  EQUIVALENT  TO  10  TO 
THE  13TH  POWER  ELECTRONS  PER  SQUARE  CENTIMETER  PER 
day  by  The  USE  of  M-MiL  integral  COVERS  on  thin, 
DRIFT-FIELD  solar  cells,  a THOROUGH  COST- 
EFFECtIVENESS  ANALYSIS  OF  THIS  APPROACH  HaS  NoT  BEEN 
CONDUCTED  TO-dATE,  however.  PROPER  design  of  these 
COATINGS  CAN  IMPROVE  the  EFFICIENCY  OF  THE  CELLS 

through  optimum  spectral  match  and  thus  eliminates 

THE  REQUIREMENTS  FOR  ADHESIVES.  COVER-SLIP  LAYERS, 
and  the  ASSOCIATED  INTERFERENCE  COATINGS  required  to 
REDUCE  ULTRAVIOLET-DARKENING  EFFECTS  ON  The 
ADHESIVES,  the  INTEGRAL  COVERS  exhibit  about  the 
SAME  DEGRADATION  rate  AS  The  FUSED-SIlICA  cover 
slips,  these  coatings  also  permit  higher 

TEMPERATURE  OPERATION  OF  SOLAR  CELLS  rOR  HANDLING  AND 
ANNEALING  PURPOSES  AS  WELL  AS  NEAR-SUN  MISSION 
APPLICATIONS.  (AUTHOR)  (U> 
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SPACE  ENVIRONMENTS  <U> 

THE  ANNA  18  GEODETIC  SATELLITE  WAS  LAUNCHED 

INTO  a 600  NAUTICAL  MILE,  SO  DEGREE  INCLINATION  ORBIT 

on  October  31,  1962,  portions  of  vi  curves  of 
the  FLASHING  LIGHT  circuit  were  subsequently 
determined  from  telemetry  records,  these  data  are 
PRESENTED  as  the  SOLID  line  PORTIONS  OF  FIGURE  1 
FOR  Two  DAYS  and  FOR  29  DAYS  AFTER  LAUNCH. 

EXAMINATION  of  THESE  CURVES  INDICATES  The  CHANGE  in 
both  VOLTAGE  aND  CURRENT  which  OCCUR  AFTER 
IRRADIATION.  THE  EFFECT  OF  TEMPERATURE  IS  ALSO 

indicated,  therefore,  a stuoy  of  solar  cell 

PFRFOrManCE  AFTER  IRRADIATION  and  as  a function  of 
CELL  TEMPERATURE  WAS  UNDERTAKEN,  A QUANTITATIVE 

analysis  of  these  effects  is  presented*  compared  with 

EXPERIMENTAL  RESULTS  and  The  DESIGN  CAPABILITIES  of 
THESE  TECHNIQUES  EVALUATED.  IU> 
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SUPPLIES,  SPACFBORnE,  QUALITY  CONTROL,  TESTS,  DESIGN 

THE  U.S.  AIR  FORCE  HAS  USED  SOLAR  CELL 

POWER  SYSTEMS  ON  VARIOUS  TYPES  OF  SATELLITES.  THE 

CURRENT  METHOqS  USED  FOR  CHOOSING  THE  ARRAY,  THE 

number  of  cells,  their  Placement  on  the  solar  panels 
and  The  QUALITY  ASSURANCE  TESTS  CONDUCTED  ON  THE 
PANELS  ARE  DISCUSSED.  (AUTHOR) 
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DESCRIPTORS:  <*S0LaR  CELLS.  DAMAGE).  ( *TRANS 1 STORS . 

DAMAGE).  SPACE  ENVIRONMENTS,  EXPERIMENTAL  DATA, 
SCIENTIFIC  SATELLITES,  PERFORMANCE { ENq I NEER I NG ) , 
(U)PERFORMANCE(ENGINEERING)  (U) 

IN-FliGht  SOlaR  Cell  DEGRADATION  STUDIES  BEGAN  WITH 

the  launching  of  the  mi-ni  satellite  on  june  2*, 

1961.  SIMILAR  EXPERIMENTS  WERE  FLOWN  oN  THE  1961- 
ALPHa  ETa  AND  I9A1-ALPHA  EtA  2 SATELLITES.  DATA 

obtained  from  these  satellites  COVER  a time  period 

both  BEFORE  AND  AFTER  OPERATION  STARFISH  on 
JULY  9,  1962.  SUBSEQUENTLY  SOLAR  CELL  AND 

ELECTRONIC  EXPERIMENTS  Were  FLOWN  ON  SATELLITES  1962- 
BETA  E t A , ANNa  I-B.  1963-38C,  AN0  196R-83C* 

THE  DATA  INDICATE  THAT  ThE  DAMAGE  TO  S°LAR  CELLS  IN 
A 1000  KM  ORBIT  DURING  THE  EARLY  MONTHS  AFTER 
OPERATION  STARFISH  MAY  NOT  HAVE  BEEN  MOSTLY  A 
RESULT  Of  FISSION  SPECTRUM  ELECTRONS.  ALTHOUGH 
MANY  ENERGETIC  ELECTRONS  WERE  INTRODUCED  into  The 
INNER  BELT,  It  IS  INDICATED  THAT  SOME  HIGH  ENERGY  (> 

*4.5  HE  V ) PROTONS  WERE  REDISTRIBUTED  To  ALTITUDES 
INCLUDING  1000  KM,  THE  RESULTS  OF  FLIGHT 

experiments  indicate  that  optimum  poweR-to-we ight 
ratio  SOlaR  ARRAYS  will  be  OBTAINED  by  use  of  n-on- 
P SOlaR  cells  with  6 MIL  glass  covers, 

(AUTHOR)  (U) 
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DESCRIPTORS:  USOLAR  Panels,  AERODYNAMIC 

CHARACTERISTICS! I DRAG,  ORBJTS,  SOLAR  CELLS.  WEIGHT, 
ALIGNMENT  (U) 

A COMPARISON  oF  ORBIT-  ANO  SUN-ORlENTED  SOLAR-CELL- 
ARRAY  CONCEPTS  TO  PRODUCE  SPACE  POWER  IN  LOW-EARTH 

orbits  has  been  conducted,  results  obtained  show 

THAT  AERODYNAMIC  DRAG  PENAlTIFS  AS  LARGE  AS  9100 
POUNDS/KILOWATT  for  A ONE-YEAR  MISSION  MAY  BE 
ENCOUNTERED.  THE  CONTRIBUTION  OF  A DRAG  MAKEUP 

system  to  the  total  system  specific  weight  for  an 

ORBIT-  OR  SUN. ORIENTED  ARRAY  IS  NEGLIGIBLE  ABOVE  2S0 
AND  375  NAUTICAL  MILES  RESPECTIVELY.  BELOW  IBS 
NAUTICAL  MILES  ANO  FOR  A MISSION  DURATION  OF  ONE 
YEAR,  THE  ORBIT-ORIENTED  ARRAY  CONCEPT  IS  MORE 
OESIRaBLE  FROM  A WEIGHT  STANDPOINT.  The  STUDY  HAS 
INCLUDED  ONLY  THE  EFFECTS  OF  AERODYNAMIC  DRAG.  THE 
DRAG  MAKEUP  SYSTEM  CONSISTS  OF  PROPULSIVE  DEVICES  ANo 
STORAGE  TANKS,  FOR  EACH  CONCEPT  THE  ToTaL  SYSTEM 
INCLUDES  DRAG  MAKEUP,  BATTERIES,  AND  SOLAR-CELL 
ARRAY,  (AUTHOR)  |U> 
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unclassified  report 


descriptors:  <*SOLaR  cells,  CADMIUM  SULFIDES),  (*CADMlUM 

SULFIDES,  FILMS),  TRANSPORT  PROPERTIES, 
CARRIERS(SEMICONDUCTORS) , SULFIDES,  COPPER  COMPOUNDS, 
PHOTOCONDUCTIVITY,  SEMICONDUCTORS,  optical  PROPERTIES, 
BAND  Theory  of  SOLIDS,  MOdELSISIMULATioNS)  , SINGLE 
CRYSTALS,  ELECTRICAL  PROPERTIES  (U) 

IDENTIFIERS:  Photovoltaic  EFFECT  (U) 

during  the  first  year  of  this  project  ’model 

1066,.  AN  EXPLANATION  OF  THE  MECHANISM  RESPONSIBLE 
for  The  PHOTOVOLTAIC  EFFECT  IN  THIN-fiLM  CDS 
SOLAR  CELLS  Was  DEVELOPED.  EMPHaSiS  HAS  since  been 
PLACED  ON  CRITICAL  EXPERIMENTS  DESIGNED  To  TEST  THIS 
MODEL,  AND  TO  ESTABLISH  CELL  PARAMETERS  ESSENTIAL  TO 
FURTHER  REFINEMENT  Of  The  MODEL.  EXPERIMENTS  which 
HAVE  BEEN  CARRIED  OUT  INCLUDE  MEASUREMENTS  OF  THE 
THICKNESS  OF  THE  CU2S  LAYER,  EXAMINATION  OF  THE 
GRAIN  STRUCTURE  OF  THE  CDS  LAYER,  MEASUREMENTS  OF 
OPTICAL  ABSORPTION  IN  AND  EXAMINATION  OF  THE 
CRYSTALLOGRAPHY  AND  STOICHIOMETRY  OF  THE  CU2S 
LAYER,  DIFFUSION  AND  SOLUBILITY  MEASUREMENTS  FOR  CU 
IN  CDS*  ANO  MEASUREMENTS  OF  JUNCTION  CAPACITANCE, 
CURRENT-VOLTAGE  characteristics  and  spectral  RESPONSE 
of  cos  solar  cells,  in  addition,  a unique 

EVAPORATION  SYSTEM  HAS  BEEN  DEVELOPED  AND  IS  BEING 
USED  SUCCESSFULLY.  FINDINGS  OF  THESE 

investigations  have  all  been  in  general  agreement 

with  .Model  1066,*  WHICH  INVOLVES  LIGhT  ABSORPTION 

BY  HOLE-ELECTRON  PAIR  GENERATION  IN  ThE  P-TYPE 

CU2S  LAYER.  FOLLOWED  BY  DIFFUSION  OF  THE  MINORITY 

ELECTRONS  into  a COPPER-COMPENSATED  Dark- I NSULAT I ng 

CDS  LAYER,  and  COLLECTION  OF  THESE  AT  AN  I-N 

CDS  HOMO JUNCT 1 ON  . (U> 


90 

UNCLASSIFIED 


/Z0M07 


UNCLASSIFIED 


ODC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  no.  /ZOmo7 

AO-  666  M 39  10/2  20/12 

CLEVitE  CORP  CLEVELAND  OHIO  ELECTRONIC  RESEARCH  OlV 

FABRICATION  OF  CADMIUM  SULFIOE  THIN  FILM  SOLAR  CELLS 
FOR  SPACE  VEHICLE  TESTING.  I U > 

DESCRIPTIVE  note:  FINAL  REPT.  I SEP  65- 1 S AUG  67, 

DEC  67  R8P  NaSTELIN.H.  E.  IHIETANeN, 

J.  R.  ISHIRLAND.F.  A.  ? 

REPT.  NO*  303280 
CONTRACT!  AF  3S(6)S)'32S3 
PROj:  aF-7885 

MONITOR;  aRL  67-0282 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  USOLaR  cells.  PERFORMANceIENgINEeRINQ) ) , 

(•semiconducting  films,  cadmium  sulfides),  (^spacecraft 
COMPONENTS,  solar  cellsi,  Flight  TESTING,  efficiency, 
stability,  doping,  light  transmission,  balloons,  band 
THEORY  Of  SOLloS,  manufacturing.  COPPER  compounds, 
SULFIDES  (U) 

five  series  of  flight  panels  for  satellite  and 
balloon  flight  testing  were  prepared,  panels  aR- 

1 THROUGH  6 Were  DELIVERED  TO  APL  in  SEPTEMBER  OF 
1965,  PANELS  *R-B  THROUGH  |0,  OF  SIMILAR 
FABRICATION,  WERE  DELIVERED  IN  MARCH  OF  1966. 

PANELS  ARX-70 1 - 1 THROUGH  *»  WERE  DELIVERED  IN 
APRIL  OF  1967  FOR  INCLUSION  IN  THE  0V1-13 

satellite  experiment,  three  balloon  flight 
MODULES,  AFAPl-CDS-I,  -2,  AND  -3,  WERE 
DELIVERED  TO  APL  in  May  of  1966,  and  three 
additional  balloon  flight  modules,  afaPl-cds- 

005,  006,  007,  WERE  DELIVERED  IN  MAY  OF  1967.  BOTH 
FOR  JPL  BALLOON  FLIGHT  EXPERIMENTS.  WORK  WAS 
PERFORMED  ON  INCREASING  THE  EEF IC I ENC Y AND  STABILITY 

of  cos  thin  film  solar  cells,  most  of  the  work 

WAS  CONCERNED  WITH  IMPROVEMENTS  IN  THE  FORMATION  OF 
THE  BARRIER  LaTER  AND  INCLUDED  TREATMENTS  OF  THE 

cds  film  prior  to  yhe  formation  of  the  barrier 
layer,  variations  in  the  barrier  formation  process, 

ANO  TREATMENTS  OF  THE  FILM  AND  BARRIER  AFTER 
FORMATION  OF  THE  BARRIER,  (AUTHOR)  (U) 
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DESCRIPTORS;  <*SOLaR  cells.  CADMIUM  SULFIDES),  films. 
ELECTRICAL  PROPERTIES,  DEGRADATION,  THERMAL  PROPERTIES. 
INFRARfD  SPECTROSCOPY,  STRESSES.  FAILURE(MECHANICS)  , 

chargeo  particles,  ultraviolet  spectra,  visible  spectra, 

CONDUCTIVITY,  TENSILE  PRGPEPTIfS,  MEASUREMENT  (U) 

Identifiers:  thin  films  (U> 

CADMIUM  SULFIDE  THIN  FILM  SO'.aR  CELLS,  ESPECIALLY 
SELECTED  for  STABILITY  UNOER  AMBIENT  CONDITIONS, 
EXPERIENCED  SEVERE  DEGRADATION  IN  THEIR  I-V 

characteristics  when  subjected  tc  thermal  cycling  in 

VACUUM.  A NUMBER  OF  DIAGNOSTIC  TECHNIQUES  WERE 
APPLIED  TO  DETERMINE  THE  FAILURE  MECHANISM.  THESE 
INCLUDED  CROSS-SECTIONING,  INFRaRED  MEASUREMENTS, 
MECHANICAL  STrESS  TESTS  AND  THE  MEASUREMENT  OF  SERIES 
AND  SHUNT  RESISTANCE.  DIFFERENT  TYPES  OF  FAILURE 
MODES  ARE  DISCUSSED.  THE  RESULTS  OF  RaDIATION 
EXPERIMENTS  ARE  SUMMARIZED.  (AUTHOR)  (U> 
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descriptors:  ( *satell ites < art ific i al > » »solar  cells)* 

(•ELECTRIC  POWER  PRODUCTION.  S ATELL I TES I ART  I F I C I AL  ) ) * 
POWER  SUPPLIES,  PE RFORM ANCE < ENG  I NEE R 1 NG > , 
RELIABILITYIELECTRONICS) , BATTERY  COMPONENTS,  ELECTRIC 
BATTERIES,  TEMPERATURE,  VOLTAGE*  NUCLEaR  POWER  PLANTS, 
THERMOELECTRICITY,  AUXILIARY  PO*ER  PLANTS.  PLUTONIUM, 
SEMICONDUCTOR  DIODES,  aTTiTUOE  CONTROL  SYSTEMS,  DC  TO  DC 
CONVERTERS,  DIAGRAMS,  SOLDERING  (U) 

Identifiers:  snap  3 c u > 

SINCE  1959,  THE  applied  PHYSICS  LABORATORY 
HAS  DESIGNED  aNO  LAUNCHEO  31  EARTH  SATELLITES. 

FROM  VERY  SIMPLE,  LOW-POWER  DESIGN  IN  1959,  THERE 
HAVE  DEVELOPED  MUCH  MORE  SOPHISTICATED  SOLAR  CELL 
POWER  SYSTEMS  THAT  GENERATE  HIGHER  POw^R  LEVELS. 

THIS  PAPER  DESCRIBES  THE  DEVELOPMENT  0F  VARIOUS 
POWER  SYSTEMS  AND  THE  APPLICATION  OF  SEVERAL  CONTROL 

techniques  for  improving  satellite  operating 

PERFORMANCE  AND  RELIABILITY.  CAUThOR)  (U) 
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DESCRIPTORS:  (*SOLaR  CELLS,  *DaMaGE)«  neutron  reactions, 

SILICON,  CARRIERS(SEMICONOUCTORS) , DIFFUSION,  ELECTRICAL 
PROPERTIES,  (U)ELECTRICAL  PROPERTIES  <U> 

SILICON  SOLAR  CELLS  OF  The  N/P  5 TO  lo  OHM-CM  TYPE 

were  irradiated  with  neutron  fluences  from  s.2  x io 
to  The  ninth  power  to  i.s  x in  to  the  isTh  power  n/ 

(SO  CM)  USING  a triga  reactor.  CURRENT- 
VOLTagE  CHARACTERISTICS,  spectral  response,  and 
diffusion  length  measurements  were  made  and  the 

RESULTS  INTERRELATED.  AGREEMENT  WITH  THEORY  is 
good.  DIFFUSION  length  depends  upon  INJECTION 
level  in  a manner  similar  to  that  for  proton 

IRRADIATION.  (AUTHOR)  (U) 
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descriptors:  (.cadmium  sulfides,  .semiconducting  films) . 

(.SOLAR  CELLS,  CADMIUM  SULF I OES » . D I FFuS I 0N . COPPER  , 
COPPER  COMPOUNDS.  VACUUM  APPARATUS,  FILMS.  LABORATORY 

Identifiers :^°copper  sulfide,  photovoltaic  effect  (U> 

EMPHASIS  IN  THIS  REPORT  WAS  PLACED  ON  THE 

AND  INITIATION  OF  SEVERAL  EXPERIMENTS  DESIGNED  TO 

LEAD  TO  an  UNDERSTANDING  OF  the  PHOTOVOLTAIC 

mechanism  operative  in  CDS  sol;r¥cE^ cSVIcmts  6 
been  developed  in  this  laboratory,  experiments 

include  measurements  of  the  d,Ffu^°5IIJpJ-ntLof 

OF  COPPER  IN  CDS  CRYSTALS,  AND  A MEASUREMENT  OF 

THE  Thickness  of  the  cU2s  l*yeR  7vpl££i 

CELLS.  ALSO  MENTIONED  IS  WORK  ON  THE  CONSTRUCTION 
OF  A VACUUM  EVAPORATION  SYSTEM  ^D  THE  DEVELOPMENT  °F 
OHMIC  CONTACTS  TO  CDS  CRYSTALS,  BOTH  OF  WHvCH  ARE 
ESSENTIAL  TO  THIS  RESEARCH  PROGRAM.  (AUTHOR)  1 
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descriptive  note:  quarterly  progress  reft.  no.  3*  i dec 
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SUPPLEMENTARY  NOTE:  SEE  ALSO  AO-678  5R2. 

DESCRIPTORS!  (*SOLAR  CELLS,  CAOMIUm  SUlFIDES),  C*CADMlUM 
SULFIDES,  SEMICONDUCTING  FILMS),  VACUUM  APPARATUS. 
REFRACTIVE  INDEX,  ABSORPTION  SPECTRA,  COPPER  COMPOUNDS, 
SULFIDES,  DIFFUSION,  VAPOr  PLATING  lU> 

IDENTIFIERS:  Copper  SULFIDES,  *PhOTOV0lTAIC 

EFFECT  (U) 

the  emphasis  during  the  third  quarter  *as 

PLACED  ON  A CONTINUATION  jF  EXPERIMENTS  NECESSARY  TO 

the  understanding  of  the  thin  Film  cos  solar 

CELL.  INCLUDED  WERE  OjFFUSlON  AND  SOLUBILITY 
MEASUREMENTS  OF  COPPER  IN  CDS,  PERFECTION  OF  A 
NEW  VACUUM  EVAPORATION  SYSTEM,  A No  MEASUREMENTS  OF 
The  InOEX  of  REFRACTION  and  ABSORPTION  COEFFICIENTS 
OF  EVAPORATED  THIN  CU2S  FILMS  AS  A FUNCTION  OF 
WAVELENGTH.  (AUTHOR)  (U) 
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DESCRIPTORS!  (*CA0MIUM  SULFIDES*  •SEMICONDUCTING  FILMS), 
(•SOLAR  CELLS,  CADMIUM  SULFIDES), 

CARRIERS(SEMIC0NDUCT0RS 1 , DIFFUSION,  copper,  copper 
COMPOUNDS,  SULFIDES,  VACUUM  APPARATUS,  FILMS*  VOLTAGE, 
EFFICIENCY  (U> 

identifiers:  copper  sulfide,  photovoltaic  effect, 

quantum  efficiency  « u > 

this  report  gives  a tentative  explanation  of  the 
mechanism  responsible  for  the  photovoltaic  effect  in 

THE  ThIN-FILM  CDS  CELLS,  AND  A DISCUSSION  OF 

critical  experiments  which  might  be  performed  to  test 
THIS  MODEL,  also  REPORTED  IS  THE  CONTINUATION  OF 
the  work  ON  The  DIFFUSION  OF  COPPER  INTO  CDS 
SINGLE  CRYSTALS,  and  THIS  has  BEEN  EXTENDED  To 
include  diffusion  of  cu  in  the  cds  solar  cells, 
a new  vacuum  evaporation  system  for  The  project  has 

BEEN  1NSTALLE0  and  IS  NOW  OPERATIONAL,  (AUTHOR)  (U) 
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SPACECRAFT.  (U) 

DESCRIPTIVE  note:  TECHNICAL  REPT., 
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supplementary  note:  presented  at  the  annual  meeting  Of 
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SOUTHAMPTON  UNiV.,  29-25  APR  68. 

descriptors:  (*solaR  panels,  design),  (*spacecraft 

COMPONENTS.  RELI ABILITY(ELECTRONICS)  ) , ( * I ON  ENGINES, 
DESIGN),  ION  ENGINES,  SPACE  PROPULSION,  SOLAR  PANELS, 
DESIGN,  SOLAR  CELLS,  SUBSTRATES,  GREAT  BRITAIN, 

synchronous  satellites  (u) 

IDENTIFIERS!  BLACK  ARROW  LAUNCH  VEHICLES  (U) 

A DESCRIPTION  IS  GIVEN  OF  THE  ION  £NG|Ne  AND  THE 
SBC  W DEPLOYABLE  SOLAR  ARRaY  PROPOSED  FOR  THE 
BLACK  ARROW  X5  spacecraft,  problem  areas  ARE 
DISCUSSED  AND  AN  INDICATION  IS  GIVEN  0F  THE  PRESENT 
STATE  OF  DEVELOPMENT.  (AUTHOR)  (U> 
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descriptors:  <*solar  CELLS*  CADMIUM  COMPOUNDS),  films, 

SOLAR  PANELS,  BARRIER  COATINGS,  CIRCUIT 

INTERCONNECTIONS,  MANUFACTURING.  EFFICIENCY.  ARSEN  I DE ( U ) 

identifiers:  thin  films  iu> 

THE  PERFORMANCE  Of  TWO  COS  THIN  FILM  SOLAR  CELL 

flight  panels,  which  were  included  in  a satellite 

EXPERIMENT  IN  a high  RADIATION  ORBIT,  SHOWED  NO 
SERIOUS  DEGRADATION  AFTER  a PERIOD  OF  1 30  DAYS. 

THE  P-SUlTS  Of  BALLOON  FLIGHT  CALIBRATION  TESTS 
INDICATE  THAT  AMO  PERFORMANCE  OF  CDS  THIN  FILM 

solar  cells  at  ao.ooo  feet  very  closely  parallels 
SIMULATED  AMO  MEASUREMENTS,  the  EVALUaTjON  of  a 
NUMBER  Of  MATERIALS  AS  CONTACTS  to  the  barrier  LAYER 
OF  THE  CDS  CELL  INDICATES  THAT  GOLD,  EITHER 
EVAPORATED  OR  as  the  FILLER  IN  a CONDUCTIVE  EPOXY 
SUCH  AS  IS  PRESENTLY  USED  IN  the  FABRICATION  process 
OF  CDS  CELLS,  PROVIDES  THE  LOWEST  RESISTANT  OHMIC 
CONTACT,  a STuOY  in  the  OPTIMIZATION  OF  The 
paRRieR  formation  process  shows  that  a fairly  wide 
latitude  exists  in  the  various  process  parameters, 
especially  as  regards  low  light  level  performance, 

(AUTHOR)  (U) 
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photovoltaic  ano  thermoelectric  solar  energy 
CONVERSION  USING  THIN  FILMS.  (U> 

oec  &l  65P  Zimmerman, w»  b.  ievans.j. 
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REPT*  NO*  GDA-eRR-AN- 1 03 

UNCLASSIFIED  REPORT 


descriptors:  i*solaR  cells,  films),  photoelectric 

EFFECT,  SEEBECK  EFFECT,  SILICON,  SEMICONDUCTORS,  BAND 
THEORY  OF  SOLIDS,  CADMIUM  SULFIDES,  DEPOSITION  | U > 

identifiers:  thin  films  < u i 


SOLAR  ENERGY  CONVERSION  gY  THE  USE  OF  ThIN  FILMS  IN 
PHOTOVOLTAIC  and  THERMOELECTRIC  DEVICES  IS  DISCUSSED, 
EXPERIMENTAL  WORK  IS  PRESENTED  ON  THE  FABRICATION 
OF  A THIN  FILM  CADMIUM  SULFlOE  CELL  *h!CH  UTILIZES 

the  photovoltaic  effect,  a theoretical 

INVESTIGATION  is  made  OF  THE  TEMPERATURE  DIFFERENCES 

obtainable  in  space  by  using  thin,  light-kkeight 
plastic  sheets,  and  the  use  of  such  plastics  for 
THERhoELECTR tc  GENERATORS  is  DISCUSSED. 
temperature  differences  of  several  hundred 

CENTRiGRaDE  DEGREES  can  be  OBTAINED.  (AUTHOR)  (Ut 
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environmental  assessment  of  thin  silicon  solar  cells 
from  pilot  PRODUCTION.  <U> 

DESCRIPTIVE  note:  technical  REPT., 

JAN  69  92P  CRABBiR*  L.  5 

REPT*  NO*  RAE-TR-69006 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  <*S0LaR  Panels,  SOLaR  CELLS)*  i*solaR 

CELLS,  REl I ABILITY! ELECTRONICS) ) , SILICON,  SPACE 
ENVIRONMENTS,  DAMAGE,  radiation  effects*  electrons, 
PROTONS,  MANUFACTURING,  PROTECTIVE  TREATMENTS,  METAL 
COATIngS,  ELECTRIC  TERMINALS,  CORROSION  INHIBITION, 
PERFORmANcE(ENgINEeRING) , STORAGE,  HUMIDITY*  thermal 
STABILITY,  LIQUID  IMMERSION  TESTS,  FA  I lURE ( ELECTRON  I CS I » 
GREAT  brITAIN  (U) 

identifiers:  evaluation  <ui 

FOLLOWING  THE  EARLIER  DEMONSTRATION  Of  THE 

performance  capabilities  of  h mil  silicon  solaR  cells 

AND  THE  FEASIBILITY  of  USING  THESE  cells  on  LARGE 

flexible  arrays  of  space  vehicles,  more  Than  a 
thousand  m mil  cells  have  been  fabricated  in  pilot 
PRODUCTION  by  four  routes,  the  various  types  of 
CELLS  WHICH  Have  been  evaluated  had  solderless 
EVAPORATED  TITANIUM-SILVER  CONTACTS  in  both  a 
CONVENTIONAL  and  WRAP-ROUND  CONFIGURATION,  SOLDERLESs 
EVAPORATED  TITANIUM-SILVER  CONTACTS  *oVER-PLATED# 

with  a layer  of  copper-gold,  and  soldeRless  plated 
NICKEL-COPPER-GOLD  contacts  in  a conventional  and 
WRAP-ROUND  CONFIGURATION,  both  I X 2 AND  2X2  CM, 

N ON  p cells  have  been  MANUFACTURED  from  I and  10  OHM 
CM  BORON  DOPED  SILICON*  IN  EVERY  CASE, 

SATISFACTORY  production  yields  have  been  achieved, 

THE  ABOVE  CELLS  HAVE  BEEN  SUBJECTED  TO 
ENVIRONMENTAL  CONDITIONS  AIMED  at  STUDYING  THE 
EFFECTS  OF  HJgH  AMBIENT  hUMIOJTy  ON  ThE  CELL  CONTACTS 
DURING  'SHELF-LIFE'  PRIOR  TO  LAUNCH  AND  THE 
DEGRADATION  IN  PERFORMANCE  from  electron  and  proton 
IRRADIATION  ENCOUNTERED  DURING  l ONG  TeRM  SPIRAL 

transfer  orbits  to  SYNCHRONOUS  altitude. 

SPECIFICALLY  THE  PROBLEM  OF  LOW  energy  'SYNCHRONOUS 
ALTITUDE*  PROTON  IRRADIATION  OF  EXPOSED  BAR  AND  BACK 
CONTACTS  AND  THE  PROTECTION  AFFORDED  rY  VARIOUS  FORMs 
OF  COATINGS  HAS  BEEN  INVESTIGATED,  (AUTHOR)  (U) 
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ROYAL  AIRCRAFT  ESTABLISHMENT  FARNbOROuGH  (ENGLAND) 

LARGE  SOLAR  ARRAY  DEVELOPMENT  in  U*  K,  (U> 

DESCRIPTIVE  note:  technical  rept., 

JAN  69  26P  treble, F,  c.  I 

Rept*  no*  rae-tR-69007 

unclassified  report 

supplementary  note:  presented  at  the  ieEe  photovoltaic 

specialists*  conference  < 7 t h » • Pasadena*  calif. 

19-21  NOV  68. 

DESCRIPTORS!  (*EXTENDA8LE  STRUCTURES,  SOLAR  PANELS), 
(•solar  panels,  design),  solar  cells,  silicon,  flexible 
STRUCTURES,  I .'FRMOpL  AST  l C RESINS,  FILMS*  SUBSTRATES* 
SUPPORTS,  STORAGE.  OPERATION,  PNEUMATIC  DEVICES* 
PYROTECHNICS,  IMPACT  SHOCK,  VIBRATION  ISOLATORS.  CIRCUIT 
INTERCONNECTIONS,  THERMAL  EXPANSION,  WEIGHT,  GREAT 
BRITAIN 

identifiers:  mountings,  polyimide  resins  (U) 

ASPECTS  OF  large  SOLAR  array  TECHNOLOGY  are 
REVIEWED,  WITH  PARTICULAR  REFERENCE  to  THE 
DEVELOPMENT  op  an  EXPERIMENTAL  560  w deployable 
array,  which  has  some  novel  features.  The  array 
CONSISTS  OF  VERY  THIN  SILICON  SOLAR  CE*-LS  MOUNTED  ON 

kapton  polyimide  film,  it  is  stowed  by  folding 
the  KaPToN  concertina  fashion  INTO  rectangular 
COMPARTMENTS  and  DEPLOYED  by  PNeUMATIcALLY-ACTUaTeD 
TELESCOPIC  MASTS.  DEPLOYMENT  IS  INITIATED  by 
DUPLICATED  PYROTECHNIC  ACTUATORS  AND  TAKES  ABOUT  TWO 
MINUTES  to  COMPLETE.  THE  ESTIMATED  all-up  weight 
OF  The  78  SQ  ft  ARRAY,  INCLOOING  STOWAGE 
compartments,  cushioning  and  deployment  mechanism  is 
25-2  LB,  GIVING  A POWER-WEIGHT  RATIO  OF  22.3  W/LB 
AT  55c  * THE  MaIN  PROBLEM  AREAS  A*E  DISCUSSED  IN 
SOME  DETAIL,  WITH  AN  INDICATION  OF  THE  PROGRESS  MADE 
TO  DATE.  (AUTHOR)  <U> 
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ROYAL  AIRCRAFT  ESTABLISHMENT  FARNbOROuGH  (ENGLAND) 

A STUDY  OF  AMERICAN  RaOIaTiON  RESISTANT  'LITHIUM* 

SOLAR  CELL  5 . (U) 

DESCRIPTIVE  note:  technical  rep  t * * 

MAR  6 9 17P  CRABB,R.  L.  I 

R£PT  * NO*  RAE-TR-690HH 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  usolaR  cells,  •daHage) , LITHIUM,  doping, 

SILICON,  GREAT  BRITAIN,  (U)GREAT  BRITAIN  (U> 

THE  PERFORMANCE  CHARACTERISTICS  OF  TW£NTY-FIVe 
AMERICAN  LITHIUM-DOPED  P ON  N SILICON  SOLAR  CELLS 
HAVE  BEEN  EVALUATED  FOLLOW  1 NG  SEQUENTIAL  1 MEV 
ELECTRON  IRRADIATION  FOR  FLUENCES  UP  TO  10  TO  THE 

UTH  power/e. sq.cm.  ALTHOUGH  the  *self  healing* 
performance  recovery  exhibited  by  these  cells  at  room 

TEMPERATURE  FOLLOWING  ELECTRON  IRRADIATION  was 
IMPRESSIVE,  ThEIR  N-TYPE  BASE  SILICON  SUSTAINED  MUCH 
GREATER  OAMAGe  THAN  the  P-TYPE  BASE  SILICON  Of  THE  N 
ON  p,  10  OHM-CM  CONTROL  cells.  THUS  ThE  EnD-OF- 
life  PERFORMANCE  was,  at  best,  worse  than  that  of 
CONVENTIONAL  N ON  P,  |0  OHM-CM  CELLS,  THE  P0ST- 

irRadiation  performance  of  The  lithium  cells  has 
remained  unchanged  for  three  thousand  hours. 

(AUTHOR!  <u) 
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ROYAL  AIRCRAFT  ESTABLISHMENT  FARNbOROUGh  (ENGLAND) 

CALCULATED  EFFICIENCIES  of  PRACTICAL  gAaS  ano 
si  SOLAR  CELLS  INCLUDING  T“E  EFFECT  of  BUILD-iN 
ELECTRIC  FIELDS.  (U) 

DESCRIPTIVE  note:  TECHNICAL  REPT., 

nov  as  bsp  Ellis, b.  jmoss.t,  s.  i 

REPT.  NO*  RAE-tR-88268 

unclassified  report 


descriptors:  ( *SEM1C0NdUCT0R  DEVICES,  SOLAR  cells), 

(•SOLAR  CELLS,  PERFORMANCE (ENGINEERING, ) t gallium 
ARSENIDES,  SILICON,  RELI ABlLlTY(ELECTRoNlCS)  , DOPING, 
ELECTRIC  FIELDS,  DAMAGE,  RADIATION  EFFECTS, 

RECOMBINATION  REACTIONS,  C ARR I ERS ( SEM I CONDUCTORS ) , 
DEPOSITION,  MANUFACTURING,  EFFICIENCY,  GREAT  BRITAIN  (U) 

Identifiers;  ^semiconductor  junctions  i u ) 

THE  PERFORMANCE  or  GAAS  SOLAR  CELLS  HAS  BEEN 
CALCULATED  AS  A FUNCTION  OF  ThE  OOPING  LEVELS,  USING 

practical  values  for  the  transport  parameters. 

CALCULATIONS  SHOW  THAT  SURFACE  RECOMBINATION  IS  A 
MORE  PROBABLE  CAUSE  of  The  POOR  EFFICIENCIES  OBTAINED 
IN  PRACTICE  Than  recombination  in  the  JUNCTION 
region,  electric  fields  built  into  the  cell  by 
DOPING  GRADATIONS  may  be  used  to  reduce  surface 
losses  ano  produce  an  EFFICIENCY  EXCEEDING  20ft  FOR 
A SURFACE  RECOMBINATION  VELOCITY  rjF  10  TO  THE  4TH 
power  cm/sec.  THIS  FIGURE  allows  FOR  THE  finite 
RESISTANCE  OF  The  SURFACE  LAYER,  the  EFFECT  of  WHICH 
IS  CONSIDERED  IN  DETAIL  for  SEVERAL  CASES,  RESULTS 
FOR  Si  cells  ARE  ALSO  PRESENTED,  these  are  WELL 
IN  ACCORD  WITH  the  VALUES  OBTAINED  IN  PRACTICE* 

FOR  FoTh  MATERIALS  CONSIDERATION  IS  GIVEN  TO  THE 
DEGRADATION  BROUGHT  ABOUT  BY  PARTICLE  CoMBAROMENT, 
(AUTHOR)  (U) 
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Massachusetts  inst  of  tech  lexington  Lincoln  lab 
performance  of  cadmium  sulfIoe  thin  film  solar  cells 

IN  A SPACE  ENVIRONMENT.  < U > 

DESCRIPTIVE  note:  journal  article. 

dec  68  9?  STANLEY.ALAN  6,  I 

REPT.  no*  JA-3359 
Contract:  AF  !9<628>-Sl67 

MONITOR:  ESO  TR-69-I9* 

unclassified  report 

AVAILABILITY:  pub,  in  proceedings  OF  the  INSTITUTE 
OF  ELECTRICAL  AND  ELECTRONICS  ENGINEERS,  V57  NH  P69 2- 
699  APR  69. 

supplementary  note:  revision  of  report  dated  so  oct 

68, 

DESCRIPTORS:  I .SATELLITES! ARTIFICIAL) , Solar  PANELS) , 

I»CA0MiUm  SULFfDFS,  SOLAR  CFLLS),  (*SOlAR  CELLS, 
RELIABiLITY(ELeCTRONICS) ) . FILMS,  SPACE  ENVIRONMENTS. 
thermal  stability,  electrical  properties,  degradation^) 
identifiers:  evaluation,  thin  films  <u> 

cadmium  sulfide  thin  film  solar  cells  have  been 
subjected  to  extended  thermal  cycling  tests  in  vacuum 
TO  SIMULATE  The  conditions  of  an  EARTh  orbiting 
SATELLITE.  RHeN  cycled  under  load,  the  solar  cells 
exhibit  a slow  loss  of  output,  several  possible 

CAUSES  OF  THIS  LOSS  ARE  SUGGESTED.  IAUThOR)  (U) 
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ON  THf.  INFRA-rED  response  of  SILICON  SOLAR  cells 

AS  A FUNCTION  OF  THICKNESS.  (U) 

descriptive  note:  technical  rept,, 

JUN  69  i2P  JENKINS.R.  M.  { 

R£PT.  no*  RAE-TR-69 1 26,  R AE-TR-SPACE-3 | 9 

UNCLASSIFIED  REPORT 


descriptors:  (*50LAR  CELLS,  SILICON),  (*INFRARED 

SPECTRA,  RESPONSE),  SUBSTRATES,  SOLAR  RADIATION, 
ABSORPTION,  PROBABILITY,  mathematical  models,  great 
BRITAIN 

identifiers:  spectra 

the  performance  of  thin  solar  cells  is  compared 
WITH  that  of  CONVENTIONAL  THICK  CELLS  AND  THE  F ACTORS 
affecting  the  response  as  a function  of  thickness 
DISCUSSED,  by  USING  A SIMPLE  ONE -D I MENS  I ONAL 
model,  EQUATIONS  ARE  DERIVED  for  THE  CONTRIBUTION  to 

the  response  of  a solaR  cel*,  from  the  base  region, 
(AUTHOR)  <U> 
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OESIGN  AND  ANALYSIS  OF  SOLAR  CELL  ARRAY 

configurations  for  vertically  stabilized  satellites 

IN  NEAR-EARTH  ORBITS.  <U> 

DESCRIPTIVE  note:  TECHNICAL  memo., 

AUG  49  1 S6P  ALLEN, WALTER  E.  .* 

REPT.  NO.  APL-TG-1064 
contract:  N0R-62-040R 

unclassified  report 


DESCRIPTORS;  (•SaTelLITESURTIfICIAU  t POWER  EQUIPMENT), 
(•SOLAR  PANELS,  CONFIGURATION),  SOLAR  CELLS,  DESIGN, 

satellite  attitude,  low  orbit  trajectories,  storage 

BATTERIES,  RELIABILITY(ELECTRONICS)  , SPACE  ENVIRONMENTS, 
DAMAGE,  RAOlATfON  EFFECTS,  SOLAR  RADIATION, 

illumination,  stabilization  systems,  celestial 

MECHANICS.  LBEDO,  PERFORMANCE ( ENG  I NEER I NG  ) , 

SPACECRAFT  ‘o) 

IDENTIFIERS;  EVALUATION,  NICKEL  CADMIUM  BATTERIES, 
SHADOWS,  "ARRAYS , *SOLAR  CELLS,  ^SPACECRAFT  ELECTRIC 
POWER  UNITS,  VERTICALLY  STABILIZED  SATELLITES  <U> 

SOLAR  A,<Ra Y CONFIGURATION  DESIGN  AND  ANALYSIS 
TECHNIQUES  ARE  DEVELOPED  FROM  BASIC  SOLAR  CELL 
PERFORMANCE  CHARACTERISTICS.  THE  RELATIONSHIP 

between  the  array  and  other  elements  in  the  power 

SYSTEM  IS  PRESENTED  WITH  EMPHASIS  °N  N I CKEL-CAOM I UM 
BATTERY  CHARACTERISTICS  as  THEY  relate  TO  The  design 
CF  THE  ARRAY.  The  predictable  SOLAR  orientation 
PATTERNS  for  TWO  and  three  AXIS  vertically  stabilized 
SPACECRAFT  are  examined  in  detail,  the  influence 
OF  THE  ORbIT  UPON  THE  DESIGN  OF  THE  ARRAY  AND  METHODS 

for  predicting  sunlight  exposure  time  and  integrated 

AVERAGE  ARRAY  POWER  ARE  INTRODUCED*  THE  EFFECTS  OF 

the  orbit  environment  upon  array  performance 
including  variations  in  solar  illumination  intensity, 
DEGRADATION  caused  by  PARTICLE  IRRAOIaTION,  and  the 
POTENTIAL  INFLUENCE  of  EARTH  ALBEDO  ARE  DISCUSSED. 
FINALLY,  A SPECIFIC  array  design  is  undertaken  for 
a VERTICALLY  STABILIZED  spacecraft  with  a constant 
zo-watt  electrical  load,  the  design,  although 

SPECIFIC,  DEMONSTRATES  SOLAR-ARRAY  DESIGN  PRINCIPLES 
and  TECHNIQUES  that  are  universally  applicable* 

(AUTHOR)  IU» 


107 

UNCLASSIFIED 


/Z0M07 


UNCLASSIFIED 


ddc  report  bibliography  search  control  no.  /zomo7 

AD-  698  927  10/2  22/2 

ROYAL  AIRCRAFT  ESTABLISHMENT  FARNBOROUGH  (ENGLAND) 

type  approval  test  report  on  ffrranti  solar  cells 
FOR  THE  BLACK  arrow  X3  SPACECRAFT.  « U > 

DESCRIPTIVE  NOTE!  TECHNICAL  REpT., 
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REPT.  No.  RAE-TR-69096 

unclassified  report 

DESCRIPTORS:  (*SC1ENT1FIC  satellites,  solar  cells ) * 

(•SOLAR  CELLS.  RELIABILITY(ELEcTRONICS)) , PHOTODIODES. 
ACCEPTABILITY,  ELECTRICAL  PROPERTIES.  OPTICAL 
PROPERTIES,  RESPONSE,  damage,  radiation  effects,  THERMAL 
STABILITY,  VISUAL  INSPECTION,  ELECTRIC  TERMINALS, 

soldering,  optical  coatings,  great  Britain  c o i 

IDENTIFIERS:  BLACK  A&RO*  *3  SATELLITES  (U) 

THE  REPORT  PRESENTS  THE  RESULTS  OF  TYPE  APPROVAL 
TESTS  PERFORMED  On  SOLAR  CELLS  INTENDED  FOR  USE  IN 
THE  BLACK  ARROW  X3  SPACECRAFT.  IU» 


108 

UNCLASSIFIED 


UNCLASSIFIED 


DOC  SPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO*  /ZQM07 

AO-  702  09S  20/12  20/3  10/2 

CLEVITE  CORP  CLEVELAND  OHIO  ELECTRONIC  RESEARCH  DIV 

research  on  the  mechanism  of  the  photovoltaic  effect 

IN  HIGH  EFFICIENCY  CDS  THlN-FlLM  SOLAR 

CELLS.  <U» 

DESCRIPTIVE  NOTE!  FINAL  TECHNICAL  REPT.  1 jUN  66-31 
MAY  69. 
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contract:  aF  33(615>-S22H 
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unclassified  report 


descriptors:  <*solar  cells,  PERFORMANCEIENgINEERINGI ) » 

(♦semiconducting  films,  band  theory  of  solids),  cadmium 

SULFIDES,  COPPER  compounds,  SULFIDES.  PHOTOCONDUCTIVITY, 
EPITAXIAL  GROWTH,  single  CRYSTALS.  PHASE  STUDIES, 
MICROSTRUCTURE  tU> 

IDENTIFIERS;  ♦PHOTOVOLTAIC  EFFECT,  HETeRO JUNcT I ONS , 
COPPER  SULFIDES  lu) 

THREE  YEARS  OF  RESEARCH  On  THE  OPERATING  MECHANISMS 

of  the  cds  thin-film  solar  cell  are  described  IN 
This  report,  the  essential  information  contained 
IN  ALL  reports  previously  issued  under  this  contract 

HAS  BEEN  REASSEMBLED.  NEW  INFORMATION,  NOT 

previously  Reported  include  data  on  the 

ANTIMONOCHROMaTIC  SPECTRAL  RESPONSE  OF  DIFFERENT 
types  of  cells.  MEASUREMENTS  OF  the  THRESHOLD  voltage 
FOR  ELECTROLYTIC  DEPOSITION  OF  COPPER  FROM  CU2S, 
OBSERVATIONS  ON  The  formation  OF  COPPER  WHISKERS  ON 
CU2S  BY  HEATING,  X-RAY  CR Y ST ALLOGRAPH  I C DATA  ON 
LOW-TEMPERATURE  PHASE  TRANSFORMATIONS  Of  CUPROUS 
SULFIDE,  MEASUREMENTS  of  OPTICAL  TRANSMISSION  of 
CU-SATURATEO  COS  single  CRYSTALS,  data  ON  The 
photoconouctjve  rise  and  decay  times  of  cu- 
compensated  cos,  DISCUSSION  of  the  beneficial 
role  of  oxygen  in  promoting  the  photovoltaic  effect 

DURING  cell  FABRICATION,  and  the  SUBSEQUENT  degrading 
effects  of  OXYGEN  during  high  TEMPERATURE  EXPOSURE. 
(AUTHOR)  (U> 
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balloon-flight  instrumentation  for  solar-cell 
measurements.  ( u > 
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jan  7o  22P  sarlee, Frederick  w.  , jr.i 
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unclassified  report 


DESCRIPTORS;  ( «M£ TeOROLOG I C AL  BALLOONS,  SOLAR  CELLS), 
(•SOLAR  CELLS,  DEGRADATION),  CALIBRATION,  SOLAR  PANELS, 
INSTRUMENTATION,  DC  TO  DC  CONVERTERS,  TELEMETER  SYSTEMS, 

field  effect  transistors,  data  transmission  systems, 
STATISTICAL  DATA  <U> 

IDENTIFIERS;  LES(LlNCOLN  EXPERIMENTAL  SATELLITES), 

LES-6  SATELLITE*  LINCOLN  EXPERIMENTAL  SATELLITES  <U> 

INSTRUMENTATION  Mas  DEVELOPED  WHICH  AUTOMATICALLY 
MEASURES  THE  V-l  CHARACTERISTICS  OF  A NUMBER  OF 
SOLAR  CELLS,  aND  TRANSMITS  THE  RESULTaNT  SERIALIZED 

data  stream  over  an  rf  telemetry  link,  the 

PARTICULAR  SYSTEM  «AS  DESIGNED  FOR  6*4  CELLS  WHOSE 
SELECTION  IS  ACCOMPLISHED  ENTIRELY  by  SEMICONDUCTOR 
SWITCHING,  TRo-HUN0RED-ANd-FIFTY-TW0  POINTS  ARE 
taken  on  the  V-l  CHARACTERISTIC,  GIVING  DETAILED 
INFORMATION  on  slopes  as  rell  as  ACTUAL  VALUES. 
MEASUREMENT  ACCURACIES  are  0.03  PERCENT  of  FULL 
SCALE  FOR  VOLTAGE,  AND  0*1  PERCENT  FOR  CURRENT • THESE 
DO  NOT  REPRESENT  ATTAINABLE  LIMITS,  BUT  ARE  SIMPLY 
REASONABLE  LIMITS  FOR  THIS  SPECIFIC  APPLICATION, 

THE  SYSTEM  DESCRIBED  RAS  BUILT  TO  CALIBRATE  SOLAR 
CELLS  ON  A HIGH-ALTITUDE  BALLOON  FLIGHT,  BUT  THE 
TECHNIQUES  CAN  BE  USED  EQUALLY  WELL  FoR  GROUND  OR 
SATELLITE  APPLICATIONS.  (AUTHOR)  I U > 
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descriptors:  <«solar  panels*  test  equipment:,  sun* 

simulation,  power  supplies,  control  panels, 

ILLUMINATION,  REFLECTIVITY,  CALIBRATION*  test  METHODS(u) 

THE  REPORT  DESCRIBES  THE  SOLAR  PANEL  TEST 
SET  DEVELOPED  FOR  TESTING  SOLAR  CELL  PANELS  IN 

artificial  sunlight  at  an  equivalent  sunlight 

INTENSITY  OF  l BO  MW/SQ.CM,  THE  TEST  SET  USES 
IODINE-QUARTZ  C 7«U  N G S T E N ) LAMPS  *S  THE  RADIANT- 

eneRgy  source,  and  the  emerging  radiation  is 
UNIFORMLY  REFLECTED  ano  TOTALLY  diffused,  an  air 
CONDITIONER,  which  IS  PART  OF  The  test  SET*  PROVIDES 
THE  COOLING  air  NECESSARY  TO  CONTROL  THE  TEMPERATURE 
OF  the  SOLAR  panel  under  test,  the  METHODS  of 
calibrating  the  test  set  are  described,  and  the 
accuracy  of  the  measurements  obtained  when  using 
ARTIFICIAL  light  as  the  radiation  source  is 

DISCUSSED.  (AuYhORI  <U> 
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availability:  pub.  in  AlAA  PAPER 
N.D* 


no.  70-600  Pl-R 
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descriptors:  (-scientific  SATELLITES,  solar  CELLS). 

(.SOLAR  CELLS,  REL ! AS  I L i T Y , . F EEDB AC<  A«PL  I F l E RS  . SOLAR 

panels,  solar  raoiation.  proton  _.ta  tu) 

DEGRADATION,  PERIOOIC  variations,  statistic  L 0 
IDENTIFIERS:  LES-6  satellite 

,N  order  to  stuoy  solar  cell  _ PL0WN 

SYNCHRONOUS  ORBIT.  » SOL.R  CELL  ""T  **S  FL°"N 

ON  THE  LINCOLN  LRBORRTORT  LES-B  5»^LLITE. 
rue  r Y PC  R f MENT  CONSISTS  OF  THIRTY  CEi-L^  VAHlO 

types,  preliminary  results  have  been  obtained  fr  m 

THE  FIRST  YEAi  OF  OBSERVATION.  MAX  I MUM  POWER 

degradations  range  from  10  per  cEN*  t*PnL*OLAR 
COMPARABLE  TO  THAT  IN  A PROPERLY  CONSTRUCTED  SOLAR 
ARRAY  to  3S  PER  CENT  fop  a cell  which  e 
ENERGY  proton  DAMAGE.  LITHIUM  DOPED  p/ 

PAIRED  POORLY,  DEGRADATIONS  as  HIGH  as 
BEING  NOTeO  IN  one  UNIT.  (AUTHOR! 
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descriptors:  c*solar  cells,  performanceiengineeRingi ) . 

(•SEMICONDUCTING  FILMS.  ELECTRIC  TERMINALS).  CADMIUM 
SULFIDES,  SCIENTIFIC  satellites,  balloons,  WORK 
FUNCTIONS,  COPPER  COMPOUNDS,  sulfides  IU> 

IDENTIFIERS:  OhMK  CONTACTS.  0Vt-I3  SATELLITE,  OVI-17 

SATELLITE,  COPPER  SULFIDES,  ELECTRIC  CONTACTS  IU) 

THE  REPORT  IS  CONCERNED  WITH  TWO  AREAS  IN  THE 
CADMIUM  SULFIDF  SOLAR  CELL  DEVELOPMENT  PROGRAM  I 

(1)  A program  of  flight  panel  construction  FOR 
SATELLITE  and  balloon  TESTING  OF  CDS  SOLAR  CELLS 
AND  !2>  A DEVELOPMENTAL  EFFORT  FOR  IMPROVING  THE 

stability  and  efficiency  OF  THE  CDS  solar  cell* 

EXPERIMENTAL  CDS  SOLAR  CELLS  PANELS  ARE  BEING 
"ESTED  ON  THE  0 V l - 1 3 AND  0 V l - I 7 SATELLITE 
EXPERIMENTS.  THE  DEVELOPMENTAL  EFFORT  Was 
CONCENTRATED  into  the  FOLLOWING  AREAS:  (1) 

contact  Resistance  measurements  made  on  the  CDS 
CURRENT  COLLECTOR  GRID  adhesive,  (21  AN 
OPTIMIZATION  of  The  cds  cell  for  GOOD  LOW  UGH' 

LEVEL  PERFORMANCE,  (3)  AN  OPTIMIZATION  OF  THE 
CU2S  BARRIER  FORMATION  PROCESS  AND  ? R)  AN 
INVESTIGATION  Of  COPPER  NODULES  found  On  CDS 
CELLS  That  had  been  degraded  in  THE  open  CIRCUIT 
voltage  mode.  Id 


1 1 3 

UNClASSIF IED 


/Z0m07 


unclassified 


ODC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  No.  /ZQM07 

AD-  708  S98  10/2  22/2 

MASSACHUSETTS  INST  OF  TECH  LEXINGTON  LINCOLN  LAB 

solar  cell  calibration  experiments  on  les-6.  (u> 
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REPT.  NO.  MS-2928 
contract:  AF  19<628)-Sl67 

MONITOR;  ESO  Tr-70-163 

unclassified  report 

availability;  pub.  in  ieee  photovoltaic 
specialists  conference  < 7 t h i , Pasadena,  calif., 

P262-2A6  1968. 

descriptors:  (^communication  SaTellitesiactivei , solar 

CELLS),  ( *S0LAR  CELLS,  CALIBRATION) » SPACE 

communications  iu) 

IDENTIFIERS:  LES  6 SATELLITE  <u» 

THE  SIXTH  LINCOLN  LABORATORY  EXPERIMENTAL 

satellite  (les-6)  was  placed  in  a synchronous 

ORBIT  on  26  SEPTEMBER  1968.  AMONG  INSTRUMENTATION 
ON  BOARD  IS  A SOLAR  CELL  CALIBRATION  EXPERIMENT  To 
MEASURE  The  V-I  CHARACTERISTICS  AT  VARIOUS  ANGLES 
OF  SOLAR  INCIDENCE  OF  30  SOLAR  CELLS  INCLUDING 
STANDARD  N/P  SILICON  (Si)  CELLS  WITH  6-MIL  COVER 
SLIDES.  Si  N/p  CELLS  WITH  1-MiL  SPUTTERED  SlLlCA 
COVERINGS,  P/N  LITHIUM  DRIFTED  CELLS  WITH  INTEGRAL 
COVERS.  DENDRITIC  N/P  SI  CELLS  WITH  6-MjL  COVER 

slides  and  with  2-mil  integral  covers,  ion  inplant 

SI  CELLS  with  1-mil  INTEGRAL  COVERS.  CDs  THIN 
film  cells,  and  COTE  THIN  FILM  CELLS. 
calibration  of  the  experimental  cells  was  carried 

OUT  AT  KITT'S  peak  NEAR  TuSCON.  ARIZONA. 

initial  orbital  results  have  agreed  closelt  with 

those  EXPECTED  FROM  l HE  CALIBRATION. 

(AUTHOR)  * U > 


UNCLASSIFIED 


DOC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  /ZQM07 

AD-  70S  603  10/2  22/2 

MASSACHUSETTS  INST  OF  TECH  LEXINGTON  LINCOLN  LAB 

SOLAR  CELL  DEGRADATION  EXPERIMENTS  ON  LES-R  AND  - 
S.  (U> 

DESCRIPTIVE  NOTE!  MEETING  SPEECH, 

68  6P  SARLES  .FREDERIC*  W . !COX, 

LAWRENCE  P.  I 
REPT.  NO.  MS-2R27 
CONTRACT:  AF  19<628)-5167 

monitor:  esd  TR-70-U2 

unclassified  REPORT 

AVAILABILITY;  PUB.  IN  IEEE  PHOTOVOLTAIC 
SPECIALISTS  CONFERENCE  (7TH),  PASADENA.  CALIF., 

P269-273  J968. 

DESCRIPTORS;  (^COMMUNICATION  S aTELL  I TES ( ACT  I VE  ) » 

cells i , («solar  cells,  degradation),  space 

COMMUNICATIONS 

identifiers:  LES  5 SATELLITE,  les-r  SATELLITE 

LINCOLN  LABORATORY  SATELLITES  LES-H  AND  -5  EACH 
CARRY  SOLAR  CELL  EXPERIMENTS!  MEASUREMENT  OF  |0 
OHM  CM  SILICON  CELL  WITH  30-MlL  COVER  SLIDE; 

MEASUREMENT  OF  10  OHM  CM  SILICON  CELL  *ITH  30-MIL 

cover  slide;  measurement  of  10  ohm  cm  silicon  cell 

WITH  6-MIL  COVER  SLIDE'  MEASUREMENT  OF  TWO  CDTE 

thin  film  CELLS  (LES-**  ONLY);  MEASUREMENT  of  TWO 

CDS  THIN  film  CELLS  (Lf.S-S  ONLY),  RESULTS 

ARE  DISCUSSED.  <U) 
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unclassified  report 

SUPPLEMENTARY  note:  also  includes  photoelecTronic 

EFFECTS  IN  ORGANIC  MATERIALS.  I*  CHLOROPHYLL- 
CHl.ORANIL  LAMELLAR  SYSTEMS,  AD-707  521  , AND 
PHOTOELECTRONIC  effects  in  organic  materials.  II. 

VARIATION  of  PHOTOVOLTAGE  WITH  PH  IN  CHLOROPHYLL- 
QUINONE  SOLUTIONS,  ad-709  837. 

DESCRIPTORS;  ( -CHLOROPHYLLS.  •PHOTOELECTRIC  EFFECT), 
(•SOLAR  cells,  CHLOROPHYLLS).  QUINONES, 
SOLUTIONS(MIXTURES) , oxygen,  organic  SOLVENTS. 
excitons  <u) 

IDENTIFIERS;  MATRIX  isolation  TECHNIQUES,  CHLOROPHYLL 
A,  -PHOTOVOLTAIC  cells,  dissolved  gases  (u) 

THE  PhOTOVOLT ages  OF  SOLUTIONS  OF  CHLOROPHYLL  AND  A 

donor  of  acceptor  were  measured  for  several  systems. 

THE  EFFECT  of  OXYGEN  DISSOLVED  IN  THE  SOLVENT  ¥»AS 
ALSO  INVESTIGATED.  THE  PHOTO  V()LT  AGES  WERE  USUALLY 
ON  The  order  of  a FEW  MILLIVOLTS,  in  SOLID-LAMELLAR 
systems  consisting  of  chlorophyll  and  organic 

SUBSTRATES  THE  PHOTOVOLT  AGES  WERE  GENERALLY  HIGHER. 

AN  ’ACTION*  SPECTRUM  INDICATED  THAT  THE  PEAK 
voltage  occurred  at  the  peak  absorption  IN  THE  RED 
band.  PHOTOVOLTAGE  PRODUCTION  IN  THE  SOLID  SYSTEMS 
WAS  ATTRIBUTED  TO  A Bl-EXClTONlC  MECHANISM.  QUANTUM 
MECHANICAL  TUNNELING  and  other  CONDUCTION  mechanisms 
were  investigated  in  thin  films  OF  CHLOROPHYLL  a. 
(AUTHOR)  <u> 
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DESCRIPTORS;  <*SOLAR  CELLS,  MANUFACTURING),  CAOMjUm 
SULFIDES,  METal  FILMS,  SEMICONDUCTING  FILMS,  PLASTIC 
COATINGS,  VAPOR  PLATING,  VACUUM  APPARATUS,  BARRIER 

coatings 

identifiers;  thin  films 


iu> 

iu> 


THE  STUDY  IS,  ESSENTIALLY,  A BRIEF  DESCRIPTION  OF 
THE  PROCESSES,  CURRENTLY  USED  AND  ALTERNATIVES, 
NFCESSARY  TO  THE  MANUFACTURE  OF  THIN  FILM  CDS 
SOLAR  CELLS.  THESE  PROCESSES  RELATE  TO  THE 
APPLICATION  OF  THE  CONDUCTIVE  LAYER  To  THE  PLASTIC 
FILM,  PLATING  On  OF  A SUITABLE  METALLIC  INTERLAYER, 

deposition  of  the  cos  layer,  formation  of  the 

BARRIER,  ATTACHMENT  OF  THE  CONDUCTIVE  Grid  AND  COVER 
PLASTIC  And  in  PROCESS  AND  FINAL  TESTING.  MATERIAL 
COSTS  AND  PRODUCTIVITY  OF  EACH  OF  THE  PRESENT 

manufacturing  processes  are  listed,  and  as  a 
comparison,  material  costs  and  productivity  baseo  on 

HIGH  PRODUCTION  METHODS  ARE  ESTIMATED  WHEREVER 

possible,  those  processes  or  operations  which  lend 
themselves  presently  to  large  volume  production  have 

BEEN  INCORPORATED  INTO  SUGGESTED  MECHANISMS  ThAT  ARE 
BRIEFLY  DESCRIBED.  A FEW,  OF  WHICH  GRIDDING  is  an 
EXAMPLE,  are  in  need  OF  FURTHER  STUDY,  AS  To 
PROCESSES  WHICH  ARE  MORE  ADAPTABLE  TO  MECHANIZATION 
THAN  aT  PRESENT.  (AUTHOR)  ((J) 
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foreign  technology  oiv  wrjght-patterson  afb  Ohio 

PROPERTIES  of  p-n  JUNCTIONS  IN  CADMIUM  SULFIDE 

ano  CONSTRUCTION  of  PHOTOELECTRIC  TRANSDUCERS,  !U> 

jun  7o  bp  knev, stefan  istoyanov, vasil 

5STEFAN0V .RODOSLAv  i 
PEPT.  NO*  FTD-hC-23- 1 33-70 
PROJJ  FTO-7230178 

UNCLASSIFIED  report 

SUPPLEMENTARY  note:  EDITED  TRANS.  OF  BULGARSK A 

AKADEMIYA  NA  NAUKITEf  SOFIA*  FlZiCHESKl  INSTlTuT. 
I7VESTIYA,  V 1 7 Pl3-20  |968, 

DESCRIPTORS:  < *SEM I c ONDUC TORS » INTERFACES),  <*CADMlUM 

SULFIDES,  PHOTOELECTRIC  EFFECT),  («SOLaR  CELLS, 
MANUFACTURING),  PE RFORM ANCE I E Nfi I NEE R I NG > , USSR  (U) 

IDENTIFIERS;  *SEMIC0N0UCT0R  JUNCTIONS, 

TRANSLATIONS  C U > 

THE  DEVELOPMENT  OF  EFFICIENT  PHOTOELECTRIC 
CONVERTERS  BASED  ON  CDS  IS  DESCRIBED.  THE 
PHOTOELECTRIC  P-N  JUNCTIONS  WERE  MADE  AS  FOLLOWS! 
CADMIUM  SULFIdE  POWDER  WAS  PRESSED  INTO  SMALL 

tablets  under  a pressure  of  several  hundred  kilograms 
per  CMISUPERSCRIPT  2).  THE  TABLETS  WERE  baked 
FOR  IS  MIN  UNDER  CLOSELY  CONTROLLED  CONDITIONS  TO 
FORM  PURE  MONOCRYSTALS  ISlZE,  UP  TO  50  MU)  ON  ONE 
SIDE  OF  THE  TABLET,  l.E.,  TO  FORM  THE  WORKING  SURFACE 
OF  THE  CONVERTER.  THIS  WORKING  SURFACE  WAS  THEN 
immersed  FOR  SEVERAL  SECONDS  JN  a boiling,  saturated 
water  SOLUTION  OF  COPPER  SULFaTe  T:>  COVER  IT  WITH  A 
THIN  COATING  WHICH  CONTAINED  P-TYPE  CARRIERS  AND  WAS 
PRESUMED  TO  BE  FORMED  BY  THE  CHEMICAL  REACTION  GIVEN. 
THE  COATED  TABLET  WAS  THEN  HEaTED  AT  A TEMPERATURE 
OF  350  OEGREES  CENTIGRADE  FOR  ABOUT  20  SEC*  THE 
CONVERTER  WAS  COMPLETED  BY  DEPOSITING  ELECTRODES  ON 
BOTH  SIDES  OF  THE  TABLET.  EFFICIENCIES  OF  THE  ORDER 
OF  8 PERCENT  WERE  OBTAINED  WITH  THE  DESCRIBED 
PHOTOELECTRIC  CONVERTERS.  (AUTHOR)  <U> 
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DESCRIPTORS;  ( *SOL AR  CELLS,  •DAMAGE!,  PROTONS, 
RELIABILITYIELECTRONICSI . CRYSTAL  DEFECTS,  SILICON, 
(U)SILICON 

IDENTIFIERS:  ATS  I SATELLITE 

THE  EFFECT  of  LOW-ENERGY  (<2  MEV)  PROTON 
IRRADIATION  UPON  THE  JUNCTION  PROPERTIES  oF  SILICON 
SOLAR  CELLS  HAS  BEEN  MEASURED.  THESE  MEASUREMENTS 
ARE  USED  TO  EXPLAIN  THE  LaRGE  POWER  LOSS  OBSERVED  ON 

the  ats-1  and  Intelsat  ii-h  satellites. 

(AUTHOR*  (u> 
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DESCRIPTORS:  <*S0LAR  CELLS,  DEGRADATION),  test  METHODS, 

THERMAL  STRESSES,  space  ENVIRONMENTS,  CADMIUM  SULFIDES, 

failure (electronics) . semiconductor  devices, 

RELI ABILITy(ELECTRONICS)  (U> 

IDENTIFIERS:  PHOTOVOLTAIC  EFFECT  lu» 

cadmium  sulfide  thin  film  cells  were  operated  under 
DIFFERENT  bias  CONDITIONS  FOR  PERIODS  OF  SIX  MONTHS 

in  the  following  environments:  vacuum  thermal 

cycling  BETWEEN  -160  AND  60C , CONSTANT  ILLUMINATION 
IN  VACUUM  and  In  dry  OXYGEN  AT  60C • The  RESULTS 
WERE  COMPARED  to  the  degradation  of  TEST  CELLS  IN 
synchronous  orbit,  it  WAS  CONCLUDED  from  the 
observed  changes  in  the  i-v  characteristics  that 

THE  DEGRADATION  is  caused  PRIMARILY  BY  a COMBINATION 
OF  LIGHT  and  TEMPERATURE  AND  N°T  flY  PURELY  THERMAL 
STRESSES.  THE  PRESENCE  OF  A VACUUM  DOES  NOT  APPEAR 
TO  BE  A SIGNIFICANT  CONTRIBUTORY  FACTOR  TO  THE 

ultimate  degradation  of  the  cells,  (author)  (u) 
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DESCRIPTORS:  ( *PhOTOELECTR I c cells ISEMjCOF  CTORlt 

DESIGN),  (.SOLAR  CELLS,  TEST  METHODS),  SlL,CON, 

Thermocouples,  spectrum  analyzers,  optical  filters, 

SOLAR  RADIATION  _ 

IDENTIFIERS:  .PHOTOVOLTAIC  CELLS,  .ThErMophOTC volt a I c 

converters  (u> 

RESULTS  of  an  EXPERIMENTAL  analysis  are  presented 
WHICH  ENCOMPASS  MeaSURMENTS  of  thf  ABSOLUTE  VALUE  of 
THE  SPECTRAL  response  OP  SILICON  PHOTOVOLTAIC  CELLS 
OVER  A WIDE  RANGE  OP  INCIDENT  MONOCHROMATIC  RADIATION 
INTENSITY,  The  CELLS,  a DiPPUSED-JUNCTION,  SINGLE- 
CRYSTAL type,  contained  a dense  contact  grid  pattern, 
this  DESIGN  PROVIOEO  HIGH  POWER  DENSITY  OUTPUT  AT 
high  INTENSITY  RADIATION  LEVELS.  THREE  EXPERIMENTAL 
APPROACHES  WERE  USED  RANGING  JN  INCIDENT  PHOTON 
current  from  o»i  micro  angstrom/sq  cm  to  i 
ANGSTROM/SQ*  CM.  FOR  THE  LOW-INTENSITY  RADIATION 
LEVELS,  The  BEAM  FROM  a PRISM-MONOCHRQMaTOR 
illuminated  the  silicon  cell,  at  medium  radiation 
levels,  a TUNGSTEN, IODINE  standard  LAMP  Was  combined 
with  TWENTY-NINE  NaRROW-9  AND  INTERFERENCE  pilters  to 
PROVIDE  QUAS 1 -MONOCHROMAT i c radiation,  at  high 
RADIATION  LEVELS,  A PULSED  XENON  DISCHARGE  LAMP  WAS 

useo  with  the  same  set  of  interference  filters,  a 
broadband,  thermocouple  radiation  detector  provided 
for  the  simultaneous  measurement  of  the  incident 
radiation  and  The  silicon-cell  output  current, 
measurement  of  effective  carrier  lifetime  served  as 
a MEANS  FOR  EXPLAINING  differences  IN  the  spectral 
RESPONSE  behavior  between  the  p./n  and  N./P 
cell  types,  results  from  EXPERIMENTS  with  hjgh- 
INTENSITY  CHfoMATlC  LIGHT  SOURCES  ARE  ALSO  REPORTED 
WHICH  INDICATE  THE  HIGH  OUTPUT  POWER  POTENTIAL  OF  THE 
SILICON  CELL.  (AUTHOR)  (u> 
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research  on  the  operating  and  failure 

MECHANISMS  In  CDS  SOLAR  CELLS.  (U» 

DESCRIPTIVE  NOTE  * FINAL  TECHNICAL  REPT.  1 jUn  *9-31 
MAY  70. 

SEP  70  1M7P  SHIOZAAIA  ,l.  R*  (AUGUSTINE. 
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MONITOR:  ARL  70-0169 

UNCLASSIFIED  report 

DESCRIPTORS:  (*solar  cells,  failureielectronics) ) . 

(•semiconducting  films,  electrical  properties),  cadmium 
sulfides,  copper  compounds,  electric  currents, 

MANUFACTURING,  VAPOR  PLATInG,  PHASE  STUDIES.  PHASE 
OIAGRAMS  (U) 

IDENTIFIERS;  ThIN  FILMS,  COPPER  SULFIDES  < U > 

THE  OPERATING  And  FAILURE  MECHANISMS  OF  CU2S: 

CDS  THIN  FILM  SOLAR  CELLS  WERE  EXAMINED  FURTHER 
DURING  the  PAST  Year,  the  SHORT  CIRCUIT  CURRENT  of 
PILOT  PRODUCTION  CELLS  WAS  FOUND  TO  BE  SENSITIVE  TO 

the  uniformity  of  zn  plating  and  to  The  texture  of 
THE  METALLIZEO  PLASTIC  SUbSTRaTe.  EXTENSIVE 
LITERATURE  AND  EXPERIMENTAL  STUDIES  ON  THE  VARIOUS 

forms  of  cuprous  sulfide  were  carried  out. 

(AUTHOR)  (u> 
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MONITOR:  ARL  71-0015 

unclassified  report 


research  0 I V 
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descriptors:  <»solar  cells,  performanceieng-IneeRing)  > I 

SEMICONDUCTOR  DEVICES,  cadmium  sulfides*  FLIGHT  TESTING* 
scientific  satellites  (u> 

identifiers:  OVt-13  satellite,  o V l - I 7 satellite*  thin 

FILMS  (u> 

the  report  is  concerned  with  two  areas  in  The 

CADMIUM  sulfide  thin  FILM  SOLAR  CELL  DEVELOPMENT 
PROGRAM;  (1)  A REPORT  ON  SPACE  FLIGHT  TESTING 
OF  CDS  CELLS  aND  <21  RESULTS  OF  A DEVELOPMENT 
PROGRAM  FOR  IMPROVING  the  STABILITY  and  efficiency  of 
the  STANDARD  CDs  CELL.  TWO  space  flight  tests 
OF  CDS  CELLS  ARE  REPORTED,  THE  FIRST  TEST, 

ARX-701,  CONTAINED  TWO  CDS  PANELS  ON  THE  0V1- 
13  SATELLITE,  THE  SECOND  SPACE  FLIGHT  TEST 
CONTAINED  ONE  COS  PANEL*  ARX-901,  AND  WAS  FlOwN 

on  the  o v i - i 7 Satellite,  a development  program 
for  obtaining  engineering  measurements  from  the 

COS  CELL  WAS  CARRIED  OUT.  A STUDY  WAS  MADE  OF 

heating  effects  on  the  cadmium  sulfide  thin  film  cell 
AFTER  FORMATION  of  the  barrier  layer.  ADDITIONAL 
INVESTIGATIONS  were  MADE  of  low  PRESSURE  LAMINATIONS, 

A silver  coated  GLASS  POWDER  for  metallized  substrate 
USE  AND  VARIATIONS  IN  GRIDOING  ATTACHMENT. 

(AUTHOR)  ,Ul 
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DESCRIPTIVE  NOTE!  FINAL  REPT.  I OCT  66-30  SEP  70, 
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UnCLASSIFIEO  report 


DESCRIPTORS:  <*SOLaR  CELLS,  RELIABILITY(ELECTRONiCS) ) , 

(•PHOTOELECTRIC  CELLS (SEMICONDUCTOR  1 » MANUFACTURING), 

semiconducting  films,  vapor  plating, 
CARRIERS(SEMICONDUCTORS)  , silicon,  EPITAXIAL  growth, 
computer  programs,  absorption  spectra,  electrical 

PROPERTIES.  GALLIUM  COMPOUNDS,  PHOSPHIDES,  GALLIUM 
arsenides,  germanium,  ZINC  COMPOUNDS,  SELENlDES  (U) 

IDENTIFIERS)  ZINC  SELENlDES,  GALLIUM  PHOSPHIDES, 
HETEROJUNCT IONS  (U> 

THE  FOLLOWING  TOPICS  RELATED  TO  PHOTOVOLTAIC  SOlAR- 
ENERGY  CONVERSION  WERE  INVESTIGATED:  TRANSIENT 
RESPONSE  OF  MOMENTARILY  REVERSE-BIASED 
SOLAR  CELLS,  ELEC  TROD  I FUSS  I ON  EFFECTS  IN 
SEMICONDUCTORS,  EFFECT  OF  ELECTRIC  FIELDS  AnD 
CHARGED  PARTICLE  IMPINGEMENT  ON  PLANAR- 

edge-growth  of  single  crystal  silicon 

FILMS  on  amorphous  QUaRTZ,  and  HETEROJUNCTION 

PHOTOVOLTAIC  solar  cells*  <u> 
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COMPARISON  OF  LOW-ENERGY  PROTON  DAMAGE  IN 
ION-IMPLANTED  AND  DIFFUSED  SILICON  SOLAR 

CELLS.  (U) 

DESCRIPTIVE  NOTE!  JOURNAL  ARTICLE, 

SEP  70  3P  STANLEY, ALAN  G.  I 

REPT.  NO.  JA-3779 
contract:  AF  19(628)-5167 

MONITOR;  ESD  Tr-71-129 

unclassified  report 

availability:  PUB,  IN  PROCEEDINGS  of  the  IEEE, 

VS9  N2  P321-322  FEB  71* 

descriptors:  (*solar  cells,  *Radiation  damage),  proton 

BOMBAROMENT,  silicon  (U) 

IDENTIFIERS:  ION  IMPLANTATION  CU» 

J 

1 

a comparison  is  made  of  low-energy  proton  damage  in 

ION-ImPLANTED  AND  DIFFUSED  SILICON  SOLAR  CELLS*  IT 
IS  SHOWN  THAT  ION-iMPLANTeD  CELLS  ARE  MORE  RADIATION 
RESISTANT,  (AUTHOR)  « y ) 

'-■3 

-i. 
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MASSACHUSETTS  INST  OF  TECH  LEXINGTON  LINCOLN  LAB 

SOLAR  CELL  DEGRADATION  EXPERIMENTS  ON  THE 
LINCOLN  LABORATORY  LES-R  AND  LES-S 

SATELLITES.  <u» 

DESCRIPTIVE  NOTE!  JOURNAL  ARTICLE. 

OCT  69  6P  SARLES.F.  WILLIAM  , JR.I 
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REPT.  NO.  JA-309S 
CONTRACT:  aF  19(6281-5167 

MONITOR;  ESO  TR-71-260 

unclassified  report 

availability:  pub,  in  IEEE  TRANSACTIONS  on 
ELECTRON  DEVICES,  VED-18  NR  PS07-511  AUfi  71. 
SUPPLEMENTARY  note:  PRESENTED  aT  EHE  IEEE  PHOTOVOLTAIC 

SPECIALISTS  CONFERENCE  1 7 T h 1 held  in  PaSaDENa. 
calif.  19-21  NOV  6b. 

DESCRIPTORS:  <*SoLAR  CELLS,  DEGRADATION!,  (‘SCIENTIFIC 

satellites,  solar  cells),  apogee,  perigee,  elliptical 
orbit  TRAJECTORIES,  SILICON  COATINGS,  films,  cadmium 
sulfides,  tellurium  compounos,  Solar  radiation  <u) 

identifiers:  LES-5  SATELLITE,  les-r  SATELLITE  (U> 

LES-R  was  ORBITED  IN  DECEMBER  196S  IN  A HIGHLY 
ELLIPTICAL  ORBIT  WITH  AN  1 8 , QoO-M I APOGEE  AND  A 100- 
M I perigee;  LES-S  was  INJECTED  into  a QuasI- 
SYNCHRONOUS  orbit  in  JULY  1967*  IN  THE  LES*S 

experiment,  the  si  cells  exhibit  an  uso 

DEGRADATION  OF  EIGHT  PERCENT  PER  YEAR  PLUS  AN  INITIAL 
SHORT  TERM  DEGRADATION  OF  FOUR  PERCENT?  V ( AC  ) IS 
RELATIVELY  UNAFFECTED.  THE  CDS  CELLS  HAVE  AN 
I(SC)  DEGRADATION  OF  ?0  PERCENT  PER  YEAR  PLUS  AN 

initial  degradation  of  five  percent,  in  the  les-r 
EXPERIMENT,  The  SI  CELL  WITH  THE  6-MIl  COVER  SLIDE 
SHOWS  TwO  RATES  OF  DEGRADATION,  WITH  THE  BREAK  POINT 
OCCURRING  AT  ABOUT  100  DAYS?  THE  CELL  WITH  THE  30-MIL 

cover  slide  shows  substantially  less  degradation. 

AFTER  700  DAYS.  THE  SHORT-C I RCU I T CURRENTS  OF  ThESE 

TWO  CELLS  ARE  *0  PERCENT  AND  78  PERCENT  OF  THElR 

INITIAL  AMO  VALUES.  ONE  CDTE  CELL  HAS 

DECAYED  TO  08  PERCENT  OF  ITS  * N I T I AL  AMO  VALUE 

AFTER  700  DAYS?  The  SECOND  SAMPLE  GIVES  ANOMALOUS 

RESULTS,  IN  EACH  EXPERIMENT  AMO  TO  AM2 

SHORToC I RCU I T CURRENT  RATIOS  OF  APPROXIMATELY  1,09 

WERE  NOTED.  (AUTHOR)  (U) 
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HUGHES  AIRCRAFT  CO  CULVER  CITY  CALtF  ELECTRONIC  PROPERTIES 

information  center 

CUPROUS  SULFIDE  and  cuprous  SULFIOE-CaOMIUH 

SULFIDE  HETEROJUNCTIONS.  (u) 
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DESCRIPTORS:  ^SEMICONDUCTORS*  PHYSICAL  PROPERTIES), 

(•SOLAR  CELLS,  SULFIDES).  COPPER  COMPOUNDS,  CADMIUM 

sulfidfs,  semiconducting  films,  electrical  properties, 
thermal  properties,  optical  properties,  photoelectric 

EFFECT,  BAND  THEORY  OF  SOLIDS  (U> 

IDENTIFIERS:  PHOTOVOLTAIC  EFFECT,  SEMICONDUCTOR 

JUNCTIONS,  HETEROJUNCTIONS,  COPPER  SULFIDES  (U> 

58  EXTRACTS  OF  DOCUMENTS  WHICH  PROVIDE  INFORMATION  ON 
cuprous  sulfide  ANO  CUPROUS  sulfide-cadmium 
SULFIDE  from  the  electronic  properties 
INFORMATION  CENTER  STORAGE  AND  RETRIEVAL  SYSTEM 
ARE  PROVIDEO.  CONSIDERABLE  M I nER ALOG I C AL 

information  as  well  as  phase  diagrams,  physical 
PROPERTIES  AND  PHOTOVOLTAIC  PROPERTIES  ARE  INCLUDED. 
(AUTHOR)  (U> 


127 

UNCLASSIFIED 


/ Z0m07 


UNCLASSIFIED 


DDC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO*  /ZQM07 
AD*  737  161  10/2 

MASSACHUSETTS  INST  OF  TECH  LEXINGTON  LINCOLN  LAB 

structural  failures  in  lightweight  solar 
cell  arrays  under  thermal  cycling.  lu) 

OESCRlPTiVE  note:  journal  article, 

NOV  70  8 P STANLEY, ALAN  G.  ,* 

REPT*  NO*  JA-3S3S 
CONTRACT:  F 1 962B-70-C-0230 

monitor:  esd  tr. 71-331 

UNCLASSIFIED  report 

AVAILABILITY:  Pub,  in  IEEE  TRANSACTIONS  on 
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METHODS.  SILICON,  HONEYCOMB  cores,  flexible  STRUCTURES, 

FAILURE(MECHANICS) , CRYOGENICS,  VI&RA1{0n  <U> 

IDENTIFIERS:  *THERMAL  CYCLING  TESTS,  FAILURE 

ANALYSIS  (U) 

SEVERAL  DIFFERENT  TYPES  of  SMALL  SILICON  SOLAR  CELL 
ARRAYS  MOUNTED  ON  LIGHTWEIGHT  HONEYCOMB  PANELS  and  on 
FLEXIBLE  SUBSTRATES  WERE  SUBJECTED  TO  LONG-TERM 
THERMAL  CYCLING  tests  BETWEEN  -160  AND  60C  IN  DRY 

nitrogen,  other  tests  included  immersion  in  liquid 

NITROGEN  and  VIBRATION  FATIGUE  TESTS  JN  EXCESS  OF  ONE 
MILLION  CYCLES*  The  ARRAYS  EXPERIENCED  A REDUCTION  J 

IN  OUTPUT  CAUSED  BY  CONTACT  FAILURE,  FRACTURE  IN  THE  | 

SILICON  AND  COVER  SLIDE,  AND  DISINTEGRATION  OF  THE 

honeycomb,  failure  modes  caused  by  different  cell  I 

and  INTERCONNECT  constructions  are  compared,  <u>  :J 
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Kccrot»Tfie«>  1, SOLAR  CELLS.  *DaMASEI»  COBALT,  GAMMa 

SILICON,  (U)SlLlCON 

identifiers:  cobalt  ao,  thin  films 


t u > 
<u> 


:°n 

The 

and 


THE  RESPONSE  OF  CO-AO  IRRADIATED  M/P  SlLl 
SOLAR  CELLS  MS  MEASURED  AS  A JUNCTION  OF 
NUMBER  OF  THE  MEDIUM  AOJACENT  TO  THE  cell 
OIRECTION  of  the  GAMMA  RAY  beam,  THE  . 

INTEPPOSITIONING  OF  VARIOUS  TH,CUN^pECFf|r  THE 

BETWEEN  the  aoJacent  material  and  THE  ,N 

CFFECT  OF  MOVING  THE  CELL  to  VARl0^  L°CJH°  * S 
APPROXIMATE  M0N0AT0M1C  NUMBERED  J*  || 

TcrHNiQUE  the  SOLAR  CELL  RESPONSE  #AS  DETERMINED 
JUiSiso  st.Jces  from  the  interf.ce  for  oolo  .no 
BERYLLIUM,  ionization  chamber  data  #ere ,1 
ESTIMATE  the  influence  of  various  base  contact 

MATERIALS,  (AUTHOR) 
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AOMY  FOREIGN  SCIENCE  AND  TECHNOLOGY  CFNTER  CHARLOTTESVILLE 
VA 

SPACE  ELECTRIC  POWER  PLANTS.  PART  I 
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72  7P  LIOOREnKOiN*  • 

REPT.  NO.  FSTC-HT-23-923-7? 

PROJS  FSTC-T7023012301 

UNCLASSIFIED  report 

SUPPLEMENTARY  note:  trans.  from  pravda,  MOSCOW 
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descriptors:  (*solar  cells,  spacecraft  components), 

ENERGY  CONVERSION,  SEMICONDUCTOR  DEVICES,  USSR  <u> 

IDENTIFIERS:  SOLAR  GENERATORS,  TRANSLATIONS  (U> 

the  theoretical  aspect  of  solaR  power  plants  of 

SOVIET  SPACECRAFT  iS  EXPLAINED  B*  LIDORENkO,  AN 

expert  in  the  fielo  of  rechargeable  power  sources. 
DEVELOPMENT  of  solar  batteries  for  lunOkhod-i 
SOLVES  NEW  PROBLEMS.  THE  TYPE  OF  SEMICONDUCTOR 

chosen  performs  well  in  The  ioo-isoc  and  withstands 

VIGOROUS  COOLING.  THE  SEMICONDUCTOR  PASSED  THROUGH 

a lunar  eclipse  intact  when  the  cover  of  the 

LUNOKHOD  WAS  LEFT  OPEN.  (AUTHOR)  * U > 
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unclassif  ifo  report 
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DESCRIPTORS:  (*S0LAR  CELLS,  DESIGN),  PhOTOeLeCtR I C 

CELLS(SEMICONDUCTOR)  , PHOTOSENSITIVITY,  ELECTRICAL 
PROPERTIES,  USSR 

identifiers:  photovoltaic  cells,  solar  generators, 

TRANSLATIONS 

THE  NEW  HIGH  VOLTAGE  PHOTOELECTRIC  GENERATOR 
* PHOTOVOLT  * IS  DESCRIBED.  THE  SPECTRAL 
SENSITIVITY  AnO  CURRENT-VOLTAGE  CHARACTERISTICS  ARE 
GtVEN,  THE  GENERATOR  EFFICIENCY  RISES  FROM  7*  TO 
10%  WHILE  THE  LIGHT  POWER  INCREASES  FrOm  NORMaL 
VALUE  UP  JO  H KlW/SQ  M.  (AUTHOR)  (U> 
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(•SWITCHING  CIRCUITS,  POWER  SUPPLIES),  ELECTRIC  RELAYS, 
DETECTORS,  PATENTS.  USSR  <u| 

IDENTIFIERS}  TRANSLATIONS  <U) 

A DEVICE  IS  DESCRIBED  FOR  THE  POWER  SUPPLY  OF 
CONSUMERS  BY  A SOLAR  BATTERT  WITH  PH0T0C0nVERT0RS 
CONTAINING  a COMMUTATOR  To  CONNECT  The  loads  TO  The 
BATTERY,  to  INCREASE  RELIABILITY,  the  COMMUTATOR 
HAS  RELAYS  ANO  POWER  SENSORS,  THE  CONTACTS  OF  WHICH 
are  included  in  The  CIRCUIT  of  the  COIL  of  a relay 
separating  the  solar  batteRt  into  several  sections, 
each  of  which  is  connected  to  an  INDIVIDUAL  CONSUMER 
through  The  contact  of  this  relay.  (AUTHOR)  (u> 
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descriptors:  <*solar  cells,  *damage>.  (•semiconductors, 

DAMAGE),  («SlLlC0N,  DAMAGE),  DOPING.  LITHIUM,  ELECTRON 

irradiation,  proton  bombaRomenj.  nuclear  explosions, 

TEST  METHODS,  CRYSTAL  OEFECTS,  GAMMA  RAYs,  REAL  TIME, 
(U)REAL  TIME  (U) 

identifiers:  accelerated  tests,  radiation  hardening, 

•HAROENING(SYSTEMS)  <U) 

A TECHNIQUE  is  BEING  developed  for  the  accelerated 
EVALUATION  of  silicon  solar  cells  to  be  used  in 
extended  space  missions  during  which  weapons 
ENVIRONMENTS  may  ALSO  be  encountered,  standard  n/ 

P SILICON  CELLS,  AS  WELL  AS  LjTmuM  DOPED  SILICON 

cells,  are  being  used  as  test  samples  during  the 
development  and  verification  of  the  evaluation 
METHOD.  THE  REPORT  DISCUSSES  AN  ANALYSIS  OF 
EXISTING  LITERATURE  AND  THE  PHILOSOPHY  OF  APPROACH  TO 

the  problem  resulting  from  the  analysis,  an 
exploratory  test  program  designed  to  augment  existing 
data  and  to  further  develop  the  method  of  approach  is 

DESCRIBED.  ALSO,  A REAL-TjME  TEST  CURRENTLY 
underway  WHICH  INVOLVES  N/P  and  LITHIUM  doped 
SOLAR  CELLS  EXPOSED  SIMULTANEOUSLY  TO  LOW-FLUX 
ELECTRON  aNO  PROTON  RADIATION  PLUS  ILLUMINATION  IS 
DESCRIBED,  (AUTHOR)  (U> 
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DESCRIPTORS:  USOLAR  CELLS,  EFFICIENCY). 

CARRIERS(SEMICONOUCTORS)  . ELECTRIC  CURRENTS*  voltage. 
DESIGN,  DAMAGE,  RADIATION  EFFECTS  (U> 

IDENTIFIERS:  SEMICONDUCTOR  JUNCTIONS  <u) 

a brief  theoretical  treatment  of  the  vertical 

MULTI  JUNCTION  SOLAR  CELL  IS  PRESENTED.  THE  CELL 
GEOMETRY  CONSIDERED  WAS  2 CM  x 2 CM  X 250  MICRONS. 
SOLUTIONS  FOR  The  MINORITY  CARRIER  DIFFUSION 

equations  were  OBTAINED  SO  as  to  derive  the  light 

GENERATED  CURRENT  PER  UNIT  WAVELENGTH  ISPECTRAL 
RESPONSE)  AND  TOTAL  LIGHT  GENERATED  CURRENT.  THE 
SPECTRAL  RESPONSE  CALCULATIONS  REVEALED  THAT  ENHANCED 
CARRIER  COLLECTION  IS  PREDICTED  IN  THE  »ReD»  PORTION 
of  the  sunlight  spectrum,  the  total  light 
GENERATED  CURRENT  was  found  To  INCREASE 
ASYMPTOTICALLY  TO  a LIMIT  OF  NOMINALLY  190 
MILLIAMPERES  FOR  INCREASING  numbers  of  JUNCTIONS. 
(AUTHOR)  (U) 
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unclassified  REPORT 

SUPPLEMENTARY  note:  PRESENTED  aT  the  IEEE  PHOTOVOLTAIC 

SPECIALISTS'  CONFERENCE,  ( 9 TH ) SILVER  SPRIN6, 

MO.,  2-R  MaY  72* 

DESCRIPTORS:  (*SoLAR  CELLS,  perFormance(engIneering)  i , 

(•SPACECRAFT  COMPONENTS,  Solar  CELLS),  DESIGN,  GREAT 
BRITAIN,  DAMAGE*  RADIATION  EFFECTS,  SPaCE  ENVIRONMENTS, 
PROTON  BOMBARDMENT  (U> 


recent  PROGRESS  In  ADVANCED  LIGHTWEIGHT  SOLaR  array 
TECHNOLOGY  IS  REVIEWED,  solar  CELL  PERFORMANCE  was 
IMPROVED,  panel  ASSEMBLIES  EMBODYING  the 
CEMENTLESS  MOUNTING  TECHNIQUE  HAVE  SUCCESSFULLY 
WITHSTOOD  PROLONGED  DEEP  THERMAL  CYCLING  AND  OTHER 
ENVIRONMENTAL  TESTS.  SOME  ARE  CURRENLTY  BEING  FLOWN 
EXPERIMENTALLY  ON  THE  PROSPERO  TECHNOLOGICAL 
SATELLITE.  A STOWED  ARRAY  HAS  SURVIVED  SEVERE 
VIBRATION  WITH  NEGLIGIBLE  DAMAGE.  A SOLUTION  HAS 
BEEN  FOUND  TO  THE  PROBLEM  OF  PROTECTING  THE  BACKS  OF 
THE  CELLS  FROM  LOW  ENERGY  PROTONS.  USEFUL 

experience  has  been  gained  in  all  ASPECTS  Of  THE 
manufacture,  handling  and  testing  of  flexible  folding 
arrays,  design  QUALIFICATION  tests  have  begun  on  a 
2B0W  PROTOTYPE.  THE  ADVANTAGES  AND  DISADVANTAGES 
OF  THE  design  IN  RELATION  TO  the  ALTERNATIVE  roll-up 
TYPE  are  DISCUSSED.  (AUTHOR)  (U) 
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I SPACE  ELECTRIC  POW£P  PLANTS.  PART  2,  < U > 
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f REPT.  NO.  FSTC-HT-23-92I-72 

k UNCLASSIFIED  report 

supplementary  note:  trans.  of  pravda,  mOscow  (USSR) 

N 1 6 1 P 3 » ID  JUN  71.  SEE  ALSO  PaRT  It  AD“7HJ 
52R. 

DESCRIPTORS;  (*S0LAR  PANELS.  SPACECRAFT  COMPONENTS), 

SOLAR  CELLS.  LIFE  EXPECTANCY,  PHOTOELECTRIC 
CELLS(SEmICONOuCTCR) , SILICON,  INTEGRATED  CIRCUITS, 

ELECTRIC  POWER  PRODUCTION,  USSR  <U> 

IDENTIFIERS;  *SOlAR  GENERATORS,  TRANSLATIONS  < U » 

SOLAR  BATTERIES  AND  POWER  CELLS  ARE  DISCUSSED.  7. 

soo  photocells  comprising  a panel  i meter  square 
generate  more  than  ioo  watts  of  electrical  energy, 

SPACE  SERVICE  LIFE  OF  CERTAIN  SEMICONDUCTORS  IS 

given  as  two  to  three  years,  glass  coatings 
PROTECT  panels  from  HEAVY  PROTONS.  REFERENCE  IS 
MADE  TO  The  BOEING  CO,  project  of  unfolding  glass 
fabric  panels  for  space  use.  korolev  also  states 
that  SOVIET  SCIENTISTS  confirm  the  feasibility  of 
SUCH  A PROJECT  but  claim  that  it  will  be  SURPASSED, 
thin  film  highly  EFFICIENT  PHOTOCELL  PANELS  HAVE 
been  DEVELOPED  in  THE  USSR,  reference  is  made  TO 
AN  UNSPECIFIED  PLANT/FACTORY  WHICH  MANUFACTURES  NOT 
ONLY  SPACE  power  UNITS  1USING  SOLAR  ENERGY)  BUT 
GROUND  SOLAR  power  PLANT5  AS  WELL*  A 400  WATT 
PILOT  INSTALLATION  HAS  BEEN  IN  OPERATION  IN  ThE 
KARAKUM  DESERT.  (AUTHOR)  (U> 
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JAN  73  I3P  KAGAN, M.  B.  I L YUB  ASHeVSK  AY  a , 

T . L . 5 

REPT.  NO.  F5TC-HT-23-2027-72 

UNCLASSIFIED  REPORT 

SUPPLEMENTARY  note:  TRANS.  OF  GELIOTEKHNIKA  (USSR)  N2 

P I 2-2  I 1971. 

DESCRIPTORS:  (*SOLAR  CELLS,  *GaLLIUM  ARSENIDES)* 

photoelectric  cells(Semiconductor)  , silicon* 

RELI  ABILITy(ELECTRonICS)  * USSR  (II) 

IDENTIFIERS;  COMPARISON,  TRANSLATIONS  <U) 

the  characteristics  of  gallium  arsenide  as  solar 

CELLS  IN  THE  <♦  WATT /SQ  M-72000  WATT/SQ  M ILLUMINATION 

range  are  analyzed  in  this  Russian  report,  the 
connection  of  The  OBSERVED  RELATIONSHIPS  with  The 
ELECTRO-PHYSICAL  parameters  of  p-n  JUNCTIONS  are 
DETERMINED*  and  COMPARED  WITH  SILICON,  ( y ) 
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HETEROGENEOUS  SOLAR  CONVERTORS  BASED  ON 
polycrystalline  cadmium  sulfide  and  cadmium 
SELENiDE  (GETEROGENNE  solnechne 
prfobr AZOV atel 1 Na  osnove  polifristallicheskogo 
SULFIoA  I SELENIDa  kadmiya) » ? 
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UNCLASSIFIED  REPORT 

SUPPLEMENTARY  NOTE!  TRANS.  OF  P 0 L UP RO V ODN I K 0 V A Y A 
TEKHNIKA  I MIkrOeLEKTRONIKa  IUSSR)  NH  PI  12-121  N.D., 

BY  A*  PEABODY. 

DESCRIPTORS:  1 *SEM j CONDUCT  I NG  F l L MS i ‘SOLAR  CELLS!, 

cadmium  sulfide*.  cadmium  selenides*  photosensitivity, 
ELECTRICAL  PROPERTIES,  USSR  <U> 

IDENTIFIERS:  ThIn  films*  TRANSLATIONS  (U> 

THE  AUTHORS  PRESENT  DATA  ON  ThE  DEVELOPMENT  AND 
INVESTIGATION  OF  PHOTOELECTRIC  CONVERTORS  BASED  ON 
PRESSED  SINTERED  TABLETS  OF  CDS  AND  CDSE, 

plus  somerhat  more  detailed  data  on  photoelectric 
CONVERTORS  BASED  ON  CDSE  FILMS*  <U> 
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EFFECTIVENESS  of  solar  CELLS  BASED  on  CDS- 

CUZ-XS  HETEROjUNCT JONS  I t u > 

DEC  72  9P  PAVELETS.S.  YU.  i 

REPT.  NO.  FSTC-HT-23-2032-72 

unclassified  report 

SUPPLEMENTARY  note:  TRANS.  OF  gel IOTEKHNIka  {USSR)  N 3 

P3-8  I97|. 

DESCRIPTORS:  < *PH0T0ELECTRiC  CELLS(SEMICONDUcToR) » 

EFFICIENCY),  <*S0LAR  CELLS,  EFFICIENCY),  COPPER 
COMPOUNDS,  SURFACES,  BAND  THEORY  OF  SOLIDS,  USSR* 
cadmium  sulfides 

IDENTIFIERS:  HETEROJUNCTIONS,  TRANSLATIONS,  COPPER 

sulfides 

ANALYSIS  of  LOSS  AND  CHANCES  OF  EFFICIENCY  INCREASE 
IN  CDS-CU(2-X)5  PHOTOCONVERTERS  W|TH 
IMPURITY  LIGHT  ABSORPTION  SHOWS  THAT  EFFECTIVE 
PHOTOCELLS  CAN  BE  PRODUCED  ONLY  WITH  USE  OF  ThE  DRIFT 

field  and  c racteristics  of  the  flow  of  the  chemical 
REACTION  W'HjLH  forms  cu  ( 2-X  ) s on  the  COS 
SURFACE.  THE  RUSSIAN  REPORT  DISCUSSES  THE  FaCT 
THAT  FURTHER  PROGRESS  IS  POSSIBLE  IN  THE  PRODUCTION 
OF  SOLAR  BATTERIES  BASED  ON  CDS-CU<2-X>5 
HFTEROJUNCT IONS  AS  A RESULT  OF  SELECTION  OF  ThE 
OPTIMUM  MODE  OF  CHEMICAL  TREATMENT,  IN  THE  PRESENCE 

of  the  optimum  polycrystall jn~  structure  of  cds 
layers*  <u> 


iu» 
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DESCRIPTORS:  (-ELECTRIC  ENGINES,  1 

performance ( Eng i neer i ng  1 ) , I *sp ace  propulsion,  !| 

ASTRONAUTICS!,  DESIGN,  ARC  JET  ENGINES,  ION  ENqINES,  |5 

plasma  engines,  magnetic  fields,  drag,  solaR  cells  iui 
IDENTIFIERS:  STATIONKEEPING,  THRUSTERS  lu) 

V 

LABORATORY  EXPERIMENTS  HAVE  ESTABLISHED  that  1 

AXISYMMETRIC  plasma  ACCELERATORS  USING  A SOlEnOiDaL 

MAGNETIC  FIELD  can  PRODUCE  THRUST  BY  RECYCLING  THE  | 

AMBIENT  MATERIAL  OF  THE  VACUUM  TANK  IN  WHICH  THEY 

WERE  OPERATED,  INDICATING  that  AN  ELECTROMAGNETIC  i 

ACCELERATOR  on  A SATELLITE  AT  LOW  ALTITUDE  SHOULD  BE 
ABLE  TO  IONIZE  AN0  ACCELERATE  A I R STREAMING  BY  IT  AND 

produce  thrust  for  drag  make  up.  this  principle  is 

THE  BASIS  OF  the  SPACE  ELECTRIC  RAMJET.  USE  OF 
SOLAR  CELL  ARRAYS  TO  SUPPLY  Po*ER  GIVES  THE  SYSTEM  A 

theoretical  unlimited  total  impulse,  otherwise 
limited  by  engine  cathode  and  anode  lifetimes, 
minimum  system  performance  requirements  for  drag 
make  up  in  the  100-300  miles  altitude  Range  are 
computed,  basic  design  parameters  for  system 
components  (anode,  cathode,  magnet  coil, 
insulators)  and  power  requirements  are  calculated. 

(AUTHOR  MODIFIED  ABSTRACT)  |m| 
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V A 

calculation  and  cost  optimization  of  certain 

SOLAR  GENERATOR  THERMOBATTERY  PARAMETERS  <k 
RASCHETU  I 0PTIMIZATSI1  PO  STolMOSTI 

NEKOTORYKH  parametrov  termobatarei 

SOLNECHNYKH  GENERATOROV ) t lu) 

JAN  73  IIP  DRABKIN.L.  M.  ; 

REPT.  NO.  FSTC-HT-23-1 H33-72 

UNCLASSIFIED  REPORT 

SUPPLEMENTARY  NOTE!  TRANS.  OF  GE L I OT EK HN I K A (USSR)  Nl 
P9- I 5 1971. 

DESCRIPTORS:  (‘THERMOELECTRICITY.  COSTS),  (‘SOLAR  CELLS, 

COSTS),  PRODUCTION,  BATTERY  COMPONENTS,  ELECTRIC 

batteries,  mathematical  MODELS,  USSR,  design  <U» 

IDENTIFIERS:  TRANSLATIONS  (U) 

A METHOD  for  ECONOMIC  ANALYSIS  OF  THERMOELECTRIC 
GENERATORS  IS  DISCUSSED  IN  THE  RUSSIAN  REPORT,  A 
FORMULA  IS  PRESENTEO  WHICH  PERMITS  CALCULATION  OF  THE 

cost  of  manufacture  of  a thermoelectric  generator 
THERMOBATTERY  (if  MATERIAL  outlay  ON  it  IS 
KNOWN).  FROM  the  FORMULA  PROPOSED,  it  FOLLOWS  IN 
PARTICULAR  That,  with  A DECREASE  IN  the  weight  of 
materials.  The  COST  OF  A BATTERY  DECREASES  LINEARLY. 
however,  with  a decrease  in  the  weight  of  materials 

(THICKNESS  OF  THERMOELEMENTS),  THE  NUMBER  OF 

thermoelements  per  watt  generated  grows,  approaching 
INFINITY,  wage  EXPENDITURES  also  INCREASE 
considerably  here,  the  formula  does  not  take  all 
factors  into  account,  and  it  is  impossible  to  build 
up  a method  for  optimizing  theRmobatteRy  CONSTRUCTION 
parameter  design,  ESPECIALLY  for  the  SOLAR 
THERMOELECTRIC  GFNERATOR.  (AUTHOR  MODIFIED 
abstract)  (u) 
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DESCRIPTORS:  ( *SEM I cONOUC TOR  DEVICES,  DAMAGE), 

(•SEMICONDUCTORS,  *DAMAGE ) , RECOMBINATION  REACTIONS, 

carrierS(semiconductors) . crystal  defects,  Silicon, 
neutron  reactions,  annealing,  solar  cells,  gallium 
arsenides,  gamma  rays,  photoconductivity, 
(U)PHOTOCONDUCTI VlTY  (U> 

TECHNIQUES  are  DESCRIBED  FOR  OBTAINING 
RECOMBINATION-CENTER  PARAMETERS  from  CARRIER  LIFETIME 
STUDIES.  STUDIES  OF  RECOMBINATION  at  DISORDERED 

regions  include  damage  comparisons  for  fusion-  and 
fission-neutron-irraoiated  bulk  silicon  and  silicon 

SOLAR  CELLS.  ANO  DIFFUSION  LENGTH  MEASUREMENTS  IN 
NEUTRON-IRRADIATED  silicon  and  gallium  arsenide. 
SHORT-TERm  annealing  INVESTIGATIONS  include  The 
DEVELOPMENT  OF  EXPRESSIONS  for  EVALUATING  EaRlY-TJME 
DAMAGE  RATIOS  AND  STUDIES  OF  TRANSIENT  RECOVERY  IN 
bulk  SILICON,  SILICON  SOLAR  CELLS,  AND  BIPOLAR 
TRANSISTORS  FOLLOWING  BURSTS  OF  BOTH  jR-MEV  AND 

reactor  neutrons,  measurement  techniques  are 

DFSCR I BED  FOR  DETERMINING  DRIFT  MOBILITY  IN  HEAVILY 
IRRADIATED  SILICON  AND  FOR  DETERMINING  THE  INjECTION- 
LFVEL  DEPENDENCE  OF  LIFETIME  jN  SEMICONDUCTORS*  <U> 
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unclassified  report 


DESCRIPTORS!  <*S0LaR  CELLS,  DESIGN), 
CARRIERS(SEMICONDUCTORS)  , EFFICIENCY,  PHOTOCONDUCTIVITY, 
DAMAGE,  RADIATION  EFFECTS,  ELECTRON  IRRADIATION,  NEUTRON 
REACTIONS,  RELt ABILITY(ELEcTRONICS)  . SILICON,  SPACECRAFT 
COMPONENTS,  SPACE  ENVIRONMENTS  <U> 

IDENTIFIERS:  CARRIER  LIFETIME,  SEMICONDUCTOR 

JUNCTIONS  <u> 

A THEORETICAL  analysis  of  the  vertical 

mult  I JUNCTION  (VMJ)  SOLAR  CELL  WAS  PERFORMED  WHICH 
indicated  that  using  SILICON  CERTAIN  CONFIGURATIONS 
COULD  BE  FABRICATED  TO  SATISFY  THE  PROGRAM 
OBJECTIVES.  RESULTS  INDICATE  THAT  INITIAL  AMO 
EFFICIENCIES  OF  1 SB  CAN  8E  ACHIEVED,  AND  THAT  AT 
LEAST  1 28  EFFICIENCY  CAN  BE  EXPECTED  AFTER  SEVEN 
YEARS  OPERATION  AT  SYNCHRONOUS  ORBIT  IN  A NUCLEAR 
WEAPONS  ENVIRONMENT.  EXPERIMENTAL  DEVICES 
fabricated  DURING  the  program  exhibited  relatively 
high  LONG  WAVELENGTH  RESPONSE  AS  PREDICTED  BY  THEORY. 
THESE  OVERSIZE  DEVICES  IWjDTHS  APPROXIMATELY  lOO 
MICROMETERS)  EXHIBITED  LOW  EFFICIENCIES  16-88) 

AND  POOR  short  wavelength  RESPONSE  due  TO  SLOW 
SURFACE  STATES  WHICH  drastically  reduced  SHORT 
WAVELENGTH  COLLECTION  EFFICIENCY  AND  DEVICE  VOLTAGE 
AS  WELL  AS  CAUSING  INSTABILITY  IN  THE  DEVICE  I-V 
characteristic*  these  surface  states  must  be 
ELIMINATED  IF  high  EFFICIENCY  VMJ  DEVICES  ARE  TO 
BECOME  A REALITY.  (MODIFIED  AUTHOR  ABSTRACT)  (U) 
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JUN  73  12HP  BARTELS. F.  T.  C»  * 

CONTRACTS  F33615-70-C-1R91 
PROj:  AF-3 1 R5 

task:  3 1 N5  1 9 

MONITOR:  AFAPL  TR-73-S7 

unclassified  report 


DESCRIPTORS:  (»SOLAR  CELLS,  DAMAGE*.  SILICON,  LITHIUM, 

doping,  life  expectancy,  manufacturing,  ultrasonic 
welding,  modulesielectronics) , 

(U)MODULES(ELECTRONICS)  I' 

IDENTIFIERS:  RADlATtON  hardening  u 

a REPORT  is  MADE  ON  A PROGRAM  To  DEVELOP  LlTHlUM- 
doped  silicon  solar  cells  with  improved  stability, 
efficiency,  and  Radiation  resistance,  a novel  cell 
STRUCTURE  with  AN  I ON-EMPlANTeD  BARRIER  LAYER 
IMMEDIATELY  below  the  P-N  junction  was  DEVELOPED 
and  EVALUATED,  the  MANUFACTURING  PROCESS  IS 
DESCRIBED  IN  DETAIL.  ACTUAL  RESULTS  FOR  LITHIUM 
DISTRIBUTION,  ANNEALING  CHARACTERISTICS  AND  CELL 

stability  are  compared  to  theoretical  predictions  for 
both  barrier  and  non-barrier  cells*  module 
fabrication  including  aluminum  welded  interconnects 

and  integral  COVER  glass  is  discussed,  performance  .1 

OF  the  EXPERIMENTAL  CELLS  AFTER  ELECTRON  aNd  NEUTRON  | 

IRRADIATION  is  compared  to  that  of  non-barrier  cells.  j 

(MODIFIED  AUTHOR  ABSTRACT)  (u>  J 
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air  force  aero  propulsion  lab  rrighy-patterson  afb 

OHIO 

LITHIUM-DOPEO  SILICON  solar  cells  STATE- 

OF-THE-ART*  <U> 

DESCRIPTIVE  NOTE ! TECHNICAL  REPT.  APR-OCT  72, 

JUN  73  R2P  GREEN, JOHN  H.  J 

REPT.  NO*  AFAPL-TR-73-M 
PROJI  AF-3l<45 
TASK!  3 I H S 1 9 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  (*SOLAR  CELLS,  ST  AT E-OF-ThE-ART  REVIEWS), 

SILICON.  LITHIUM,  DOPING,  ENERGY  CONVERSION.  DAMAGE, 

Radiation  effects,  inhibition,  spacecraft  components, 
space  environments  < u > 

the  present  STATUS  of  lithium-doped  solar  cells  was 
investigated,  improvements  in  fabrication 
TECHNIQUES  have  Made  possible  LITHIUM-DOPED  cells 

WHICH  ARE  11.9*  EFFICIENT  AT  AMO  CONDITIONS  AND 
28  C.  CELL  AREAS  OF  12  SQUARE  CENTIMETERS  ARE 
now  feasible,  annealing  characteristics  are  highly 
TEMPERATURE  DEPENDENT  WITH  60  C BEING  THE  MINIMUM 
ARRAY  TEMPERATURE  FOR  GOOD  PERFORMANCE*  IF  THE 

recovered  power  levels  for  n/p  cells  and  p/n 
LITHIuM-DoPEO  cells  are  compared  for  an  ARRAY 
TEMPERATURE  of  80  c,  IT  IS  FOUND  THAT  The  P/N 
LITHIUM-DOPEO  CELLS  ARE  15*  HIGHER  AFTER  10  TO  THE 
15TH  POWER/SQ  CM  | MEV  EQUIVALENT  ELECTRONS  AND 
85*  HIGHER  AFtER  10  TO  THE  13TH  POWER/SQ  CM  FISSION 
SPECTRUM  NEUTRONS.  BASED  ON  THIS  SURVEY  ThE  USE  OF 
LITHIUM-DOPEO  CELLS  IS  RECOMMENDED  FOR  MISSIONS  *HICH 

require  solar  arrays  to  operate  at  temperatures  above 
60  c,  ESPECIALLY  if  the  satellite  must  SURVIVE  a 
nuclear  WEAPON  ENVIRONMENT.  UUTH0R)  <U> 
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CONTRACTS.  < u I 

OESCRIPTIVE  note:  final  TECHNICAL  REPT.  1 FEB  72-30 

MAR  73* 

mar  73  ‘♦rp  iles, peter  a.  ; 

contract:  F336 I 5-72-C- 1 MZ7 

proj:  af-3 i ms 

task:  3 1 HS 1 9 

MONITOR:  AFAPL  TR-73-29 

unclassified  report 


descriptors:  I*S0LAR  cells,  electric  CONNECTORS)* 

(•ELECTRIC  CONNECTORS,  *ELECTR0F0RMING) , ALUMINUM* 
SILICON.  FEASIBILITY  STUDIES*  COST  EFFECTIVENESS  (U> 

IDENTIFIERS:  ELECTRIC  CONTACTS  <u> 

INVESTIGATIONS  were  CONDUCTED  TO  EVALUATE  The 
feasibility  OF  ACHIEVING  IMPROVED  ALUMINUM  solar  cell 
CONTACTS  ano  INTERCONNECTS  WHICH  could  reduce  overall 
solar  arra*  cost  and  weight  without  sacrifice  of 
performance  and  reliability,  problems  of  poor 
ADHERENCE  and  THICKNESS  control  of  the  CONTACT 
METALLIZATION  WERE  ENCOUNTERED  DURING  The  course  of 
THE  PROGRAM.  EFFORTS  TO  RESOLVE  THESE  PROBLEMS  WERE 
UNSUCCESSFUL.  BECAUSE  OF  THE  SERIOUS  CONTACT 

metallization  problems*  no  effort  was  expended  in 
ATTEMPTING  TO  ACHIEVE  advanced  WRAP-AROUND  CONTACT 
CONFIGURATIONS  or  INTERCONNECTION  of  cells  using  the 
ELECTROFORMING  TECHNIQUE.  (AUTHOR)  (U) 
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bar  gap  radiation  test.  * u > 

DESCRIPTIVE  note:  FINAL  RFPT.  OCT-DEC  73, 

DEC  73  70P  RUSSELL tOENNIS  A,  ; 

REPT.  NO*  0I80-178R7-1 
CONTRACT!  NOOO 1 R-7M-C-006R 

unclassified  report 


DESCRIPTORS:  'SPACECRAFT  COMPONENTS*  'SOLAR  panels, 

•RADIATION  EFFECTS,  PROTONS*  ULTRAVIOLET 

radiation,  thermal  cycling  tests,  solar  cells, 

SaTELLITESiaRTIFJCIaLI  , 

performance (Engineering)  <u> 

a TEST  PROGRAM  WAS  CONDUCTED  INVESTIGATING  THE 
EFFECTS  OF  PROTON  *N0  ULTRAVIOLET  RADIATION  AND 
thermal  CYCLING  on  U.s.  navy  SATELLITE  SOLAR 
panels,  government-supplied  test  panels  were 
PLACED  in  A VACUUM  CHAMBER  ANp  EXPOSED  ALTERNATELY  TO 

700-kev  protons  to  a fluence  of  10  to  the  isth 

POWER  P/SO  CM,  to  270  HOURS  OF  ULTRAVIOLET  RADIATION 
AT  A ONE  SUN  rate,  and  TO  21  THERMAL  CYCLES,  THE 
performance  of  the  test  panels  in  the  form  of  i-v 
CURVES  WAS  MEASURED  IN  SITU  BEFORE  THE  START  OF 
TESTING  AND  PERIODICALLY  THROUGHOUT  The  TEST. 

(AUTHOR}  <U) 
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KSW  ELECTRONICS  INC  BURLINGTON  HASS 

lithium  implanted  solar  cells,  DATA.  tu> 

DESCRIPTIVE  NOTES  FINAL  REPT.  I JUN-31  JUL  73, 

JUL  73  2 3P  SMfTH, DONALD  A,  JHARTKE, 

JEROME  L.  5 

CONTRACTS  F l 9626-7 3-C-02 1 *» 

PRO J S AF-8&S9 
TASK!  8&S90A 

MONITOR:  AFCRL  TR-73-OR93 

UNCLASSIFIED  report 


DESCRIPTORS:  *SOLAR  CELLS,  SILICON,  LITHIUM*  ION 

IMPLANTATION,  DIFFUSION*  PHOSPHORUS  « U * 


THE  REPORT  CONTAINS  THE  IDENTIFICATION  AND 
PROCESSING  DESCRIPTION  OF  ALL  SAMPLES  PROCESSED  AND 
THE  TABULATED  MEASUREMENT  OATa  OBTAINED  ON  PHOSPHORUS 
DIFFUSED.  LITHIUM  IMPLANTeO,  P-TYPE  SILICON  SOLAR 
CELL  BLANKS.  (AUTHOR)  <U> 


P 

1 


I 

I 


i, 


I 


i 


UNCLASSIFIED 

ODC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  /ZOM07 

AO-  773  237  10/2  22/2 

ROYAL  AIRCRAFT  ESTABLISHMENT  FARNBOROuGH  (ENGLAND) 

optimization  of  solar  cell  shielding  for 

GEOSTATIONARY  MISSIONS. 

DESCRIPTIVE  NOTE!  TECHNICAL  REPT., 

AUG  73  **  1 P WALKDEN.M.  W.  ; 

REPT.  NO*  RAE-TR-73105 
MONITOR;  DRIC  BR-3A625 

unclassified  report 


DESCRIPTORS;  ‘SOLAR  CELLS.  'RADIATION  SHIELDING. 

shielding,  synchronous  satellites,  thickness, 

OPTIMIZATION,  GREAT  BRITAIN  « U » 

EQUIVALENT  ONE  mev  ELECTRON  FlUENCES,  End  of 
life  OUTPUT  POWERS  and  power  to  WEIGHT  ratios  are 
ESTIMATED  FOR  SoLAR  CELLS  IN  A FIVE  YEAR 
GEOSTATIONARY  MISSION  BEGINNING  IN  1975.  THE  STUDY 
COVERS  CELL  THICKNESSES  FROM  1 25  MICROMETERS  TO  300 
MICROMETERS,  COVERSLIP  THICKNESSES  FROM  25 

micrometers  to  .vdo  micrometers,  and  Rear  shielding 

typical  of  RlGlO  AND  LIGHTWEIGHT  FLEXIBLE  ARRAYS. 
it  is  concluded  that  the  thinnest  cells  and 
shielding  GIVE  the  best  power  to  weight  ratio, 
although  the  choice  FOR  a PARTICULAR  SPACECRAFT  will 
flE  INFLUENCED  BY  CONSIDERATIONS  OF  AVAILABILITY, 

COST,  FRAGILITY  ANO  ARRAY  AREA*  (AUTHOR*  (U) 


149 

UNCL'.SS  I e IED 


UNCLASSIFIED 


DDC  REPORT  BIBLIOGRAPHY  search  CONTROL  NO.  /Z0M07 

AD-  779  592  10/2  jB/8 

BOFING  CO  SEATTLE  WASH 

real-time  space  and  nuclear  effects  ON 

SOLAR  CELLS  (ACCELERATED  EVALUATION 

METHODS  I i ( u ) 

DESCRIPTIVE  NOTE?  INTERIM  TECHNICAL  REPT.  NO.  2.  17  MAY 
72-17  MAY  73, 

OCT  73  1 1 3 P HORNE  , WILLI  AM  E»  IMADARAS, 

BARBARA  K , I 
REPT.  NO.  D 1 80- 1 0^9  I ”3 
CONTRACT!  E33615-71-C-1583 
PR0JJ  AF-319S 

MONITOR*.  AFAPL  TR-72-&9-V0L-2 

unclassified  report 

SUPPLEMENTARY  NOTE!  SEE  ALSO  AV-7R9  ^77* 

DESCRIPTORS*.  *SOLAr  CELLS,  ‘RADIATION  EFFECTS, 

silicon,  lithium,  doping,  damage,  annealing, 
electron  irradiation,  proton  bombardment, 

ACCELERATED  testing,  MATHEMATICAL  MODELS  (u> 

the  REPORT  DISCUSSES  £*PLoRAToRY  TESTING  aNd  DATA 
ANALYSES.  A PROPOseO  model  for  THE  ANNEALING  of 
LlTHJ.jM  SOLAR  CELLS  IS  PRESENTED.  IN  ADDITION,  NEW 
DATA  SHOWING  THE  ENERGY  DEPENDENCE  OF  Pr'OTON  AND 
ELECTRON  DAMAGE  IN  LITHIUM-DOPED  SILICON  a«D  THE 
ANNEALING  OF  SUCH  DAMAGE  aRE  PRESENTED.  NE#  DaTa 
ALSO  INDICATE  That  SIMULTANEOUS  IRRADIATIONS  WITH 

r r o T o n s and  Electrons  produce  synergistic  effects, 
these  effects  may  product  c i t her  more  or  less 
damage  than  the  Sum  of  the  separate  environment 
DEPENDING  ON  the  RELATIVE  ELEcTrON-TO-PROTOn 
FLUEMCES.  (MOOlFlEO  AUTHOR  ABSTRACT ) (U» 
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JAN  7H  6 P KARGIN, M.  b»  .‘KAROLEVA.N. 

S.  JNULLERtT.  P.  1 
REPT.  NO.  FSTC-HT-23-1802-72 

unclassified  report 

SUPPLEMFNTARY  note:  TRANS.  OF  gELIOTEKHNIKA  i u s s R 1 N2 

P2B-31  1970* 

DESCRIPTORS:  *SOlAR  cells,  .semiconducting  Films, 

•GALLIUM  ARSENIDES,  THIN  FILMS,  ELECTRICAL 

properties,  photoelectric  eppect,  translations, 

USSR  € U 1 

IN  RECENT  YEARS,  THE  EFFORTS  OP  MANY  INVESTIGATORS 

have  been  directed  AT  THE  DEVELOPMENT  of  thin-film 
polycrystalline  solar  cells  is.c.i*  which,  in 
COMPARISON  WITH  MONOCRYSTALLINE  S.C»  HAVE  A BETTER 
RATIO  of  OUTPUT  To  POWER-WEIGHT  PV(W/KG)  and  A 
MUCH  LOWER  COST,  THE  AUTHORS  OBTAINED  AND 
INVESTIGATED  the  PRINCIPAL  CHARACTERISTICS  op  S.c. 
based  on  epitaxial  films  op  gallium  arsenide.  which 
POSSFSS  The  Maximum  value  por  LIMITING  EPFICIENcY  for 
THE  5>0LAR  SPECTRUM  ANO  ALSO  ARE  CHARACTERIZED  By  THE 
BEST  | 1 N COMPARISON  WITH  other  MATERIALS) 

TEMPERATURE  RELATIONSHIPS  OF  ITS  PARAMETERS,  IU> 
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V A 

HETEROGENEOUS  SOLAR  CONVERTERS  BASED  ON 
polycrystalline  cadmium  sulfide  AND  SELENlDEi 

I u > 

NOV  73  IIP  KOMASHCHENKO , V.  N.  I 

MARCHENKO, A*  I*  iFEDORUStG*  A,  5 
REPT*  NO*  FSTC-HT-23-10B3-72 

UNCLASSIFIED  REPORT 

SUPPLEMENTARY  note:  TRANS,  of  POlUPROVODnIKOVAYA 

TEKHNIKA  I M I KROELEKTRON I K A <USSR)  NH  Pi  12-121  • 

DESCRIPTORS;  “SOLAR  CELLS,  “SEMICONDUCTOR  DEVICES* 

CADMIUM  SULFIDES,  CADMIUM  SELENlDES, 
manufacturing,  photoconductivity,  electrical 
PROPERTIES,  TRANSLATIONS,  USSR  tU> 

HETEROGENEOUS  SOLAR  CONVERTERS  BASED  ON 

polycrystalline  cadmium  sulfide  and  selenide-- 
translaTion. 
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NATIONAL  CENTER  for  energy  MANAGEMENT  AND  PO*ER 
PHILADELPHIA  pA 

REVIEW  AND  EVALUATION  OF  WORK  PERFORMED  ON 

ORGANIC  SEMICONDUCTOR  SOLAR  CELLS*  <U> 

DESCRIPTIVE  NOTES  FINAL  REPT.  1 JUL  72-3Q  jUn  73, 

JUL  73  69P  NOELiGERALD  T,  I 

CONTRACT!  F 1 962B-72-C-0270 
PROJt  AF-8A59 
task:  065901 

MONITOR:  AFCRL  TR-73-0699 

unclassified  report 


DESCRIPTORS:  *PHOTOV0LTAIC  EFFECT,  •SEMICONDUCTORS, 

•solar  cells*  ORGANIC  compounds*  electron 
transitions,  excitonS,  ionization,  band  theory  of 

SOLIDS,  ABS0RPTI0N(PHYS1CAL> » PHOTONS, 

crystals  dj) 

IDENTIFIERS:  -ORGANIC  SEMICONDUCTORS  djl 

the  report  reviews  experimental  and  theoretical 
STUDIES  RELATED  to  THE  PHOTOVOLTAIC  EFFECT  in  organic 
semiconductors*  processes  relevant  to  the 
OPERATION  and  PERFORMANCE  of  organic  solar  CELLS  are 
OUTLINED  and  DISCUSSED  in  THE  CONTEXT  Op  a block 
DIAGRAM  TYPE  MODEL  OF  AN  ORGANIC  PHOToVOLTAjC  DEVICE* 

A DETAILED  DISCUSSION  OF  THE  IMPACT  OF  PHOTON 
ABSORPTION  AND  CARRIER  GENERATION  PROCESSES  ON  THE 

ultimate  performance  of  solar  cells  using  organic 

SEMICONDUCTOR  M*TeR,ULS  IS  PRESENTED. 

(AUTHOR)  (U) 
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ROYAL  AIRCRAFT  ESTABLISHMENT  FARNBOROUGH  (ENGlANO) 

THE  RAE  LIGHTWEIGHT  SOLAR  ARRaT.  <U) 

DESCRIPTIVE  NOTE!  TECHNICAL  REpT., 

FEB  7*4  1 7 P TREBLE, F.  C*  I 

REPT.  NO*  RAE-tR-73172 
MONITOR:  DRIC  BR-39317 

unclassified  REPORT 

SUPPLEMENTARY  note:  PRESENTED  at  THE  INTERNATIONAL 

CONGRESS  ’THE  SUN  IN  THE  SERVICE  OF  MANKIND*, 

PARIS,  2-6  JUL  73. 

DESCRIPTORS:  ASOLAR  CELLS,  ‘SPACECRAFT  COMPONENTS, 

ARRAYS,  SILICON,  LIGHTWEIGHT,  FOLDING, 

FLEXIBLE  STRUCTURES,  GREAT  BRITAIN  (U» 

identifiers:  solar  arrays  <u» 

THE  PAPER  TRACES  ThE  DEVELOPMENT  OF  THE  RaE 
LIGHTWEIGHT  FLEXIBLE  FOLD-UP  SOLAR  ARRAY, 
culminating  in  the  recent  successful  TESTS  ON  A 
280W  PROTOTYPE  WHICH  HAVE  QUALIFIED  THE  DESIGN  FOR 
6 YEARS  In  GEOSTATIONARY  ORBIT*  THE  ARRAY  EMBODIES 
A NUMBER  OF  UNIQUE  FEATURES,  INCLUDING  125 
MICROMETERS  SILICON  SOLAR  CELLS  WITH  WRAPAROUND 

contacts,  100  micrometers  cerja-st*bilized  glass 

COVERSLIPS,  CEMENTLESS  MOUNTING  OF  CELLS  ON  ThE 

flexible  substRatf  ano  deployment  by  a pneumatically 
actuated  TELESCOPIC  mast,  a small  VERSION  of  the 
array  is  TO  BE  FLOWN  ON  ThE  BRITISH  X8  SATELLITE 
IN  1 9 7 *4  . ( U ) 
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INVESTIGATION  OF  ORGANIC  SEMICONDUCTOR  FOR 

PHOTOVOLTAIC  APPLICATION.  <U> 

DESCRIPTIVE  NOTE**  FINAL  REPT.  I JUL  70-31  DEC  73» 

APR  7*4  9*4P  F ANG  iPaO-HSE  IN  I 

CONTRACT!  F l 9628-7 ! -C-0093 
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DESCRIPTORS:  •SEMICONDUCTORS,  .ORGANIC  COMPOUNDS, 

•PHOTOVOLTAIC  EFFECT.  *SOL AR  CELLS.  MEASUREMENT* 
AGING(MATERIALS)  . TRANSPORT  PROPERTIES, 

MATHEMATICAL  MODELS,  ELECTRODES.  METALS 
IDENTIFIERS:  *NAPHTHACENES,  .OrGaNIC 

SEM I conductors 

the  work  is  oriented  towaro  five  areas:  <i> 

MEASUREMENT  OF  THE  PHOTOVOLTAIC  CONVERSION  EFFICIENCY 
AS  A SOLAR  CELL,  (21  ANALYSIS  OF  THE  SPECTRAL 

response  of  the  quantum  yield,  o>  analysis  of 
the  transient  Response  with  a pulsed  light  source, 

<r)  model  analysis  of  the  configuration  of  the 

ORGANIC  SEMICONDUCTOR  SOLAR  CELL  and  (5)  THE 

aging  phenomenon  of  tetracene  sola*  cells,  the 

WORK  IN  AREAS  (1)  TO  ( H I jS  COMPLETED 

iogether  with  physical  interpretations*  area 

(51,  WHICH  REQUIRES  MEASUREMENTS  OVER  AN  E X TENDED 
PERIOD  OF  TIME.  BUT  IS  OF  FUNDAMENTAL  IMPORTANCE  FROM 
THE  POINT  OF  VIEW  OF  PRACTICAL  APPLICATION.  HAS  NOT 
BFEN  ABLE  TO  BE  COMPLETED  BEFORE  THE  TERMINATION  OF 
THE  PRESENT  CONTRACT,  AND  A STAGE  OF  PHYSICAL 
INTERPRETATION  HAS  NOT  BEEN  REACHED*  (AUTHOR)  CU) 
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DEC  58  28P  JUnGA, FRaNK  A.  5ENSL0W, 

GEORGE  M * J 
REPT*  NO*  LMSD-^SSSl 
CONTRACT!  AF  0R(6H7)-97 

unclassified  report 

SUPPLEMENTARY  note:  SEE  ALSO  PART  l REpT,  no.  lMSD- 

5137  DATED  15  OCT  58,  AD-H77  592. 

DESCRIPTORS!  (•SOLAR  CELLS,  *DaMAGE > • (‘SILICON.  SOLAR 
CELLS),  GAMMA  RAYS,  NEUTRONS.  SATELL I TeS ( ART J F I C I AL  ) , 

thermal  radiation,  photoelectric  effect,  compTon 

SCATTERING,  ANNEALING,  X RAYS,  SPECIAL 
FUNCT I ONS ( MATHEMAT I CAL ) , ABSORPTION,  DENSITY, 

(U)DENSITY  (U) 

CALCULATIONS  have  been  PERFORMED  TO  ESTIMATE  THE 
NUMBER  OF  ATOMS  DISPLACED  FROM  NORMAL  SITES  BY 
COMPTON  ELECTRONS  FROM  CO { 60  > GAMMA  RAYS  AND  0Y 
SLOW  and  FAST  NEUTRONS,  T HE  RESULTANT  CHANGE  IN 
CARRIER  LIFETIMES  AND  MOBILITIES  ARE  USED  To  PREDICT 
THE  PERFORMANCE  Of  A SILICON  SOLAR  cell  under  gamma 
AND  NEUTRON  IRRADIATION,  the  EFFECT  OF  ANNEALING 
OF  DEFECTS  IS  CONSIDERED,  AND  FROM  THESE  COMPUTATIONS 
AN  ESTIMATE  IS  MADE  TO  SHoW  THE  MINIMUM  FLUX 

NECESSARY  TO  produce  noticeable  damage • data  are 

PRESENTED  SHOWING  THE  EFFECTS  OF  C0(&0>  GAMMA  RaYS 
ON  10  SILICON  SOLAR  CELLS  AND  COMPARISON  IS  MADE  WITH 
THE  THEORY.  (AUTHOR)  (U> 
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wfstinghouse  electric  corp  y oungwood  pa  semiconductor 

01  V 

high  voltage  SOLAR  cell  array  segment.  <u> 

DESCRIPTIVE  NOTE • INTERIM  PROGRESS  REPT*  NO*  3,  l JUL-I 
OCT  66. 

OCT  66  17P  HArDINGiW.  R»  , JRJ 

CONTRACT!  AF  33  I 6 1 5 ) “3M62 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  (*S0LaR  CELLS,  DESIGN).  CIRCUIT 

interconnections,  interrupters,  frequency  multipliers, 
SILICON,  INTEGRATED  CIRCUITS  <U> 

AN  INTEGRATED  CELL  WAS  FABRICATED  WITH  SERIES 
interconnection,  the  problems  inherent  in  this 

STRUCTURE  ARE  DISCUSSEO.  THESE  PROBLEMS  WERE 

lateral  resistance  and  isolation  junction  leakage 
under  ILLUMINATION,  TECHNIQUES  OF  JUNCTION 
FABRICATION  are  DISCUSSEO.  A WORKING  CIRCUIT  FOR 
CHOPPING  a MULTIPLYING  solar  CELL  OUTPUT  TO  1000 
VOLTS  IS  DISCUSSEO.  <U) 


157 

UNCLASSIFIED 


/Z0M07 


UNCLASSIFIED 


DOC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  /Z0M07 

AO-  ftOS  RQ7  10/2 
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ion  implantation  junction  techniques.  <u> 

DESCRIPTIVE  note:  quarterly  technical  progress  rept.  no* 

3,  1 AUG-3 1 OCT  66. 

OCT  66  N2P  K1NG.Q.  J.  ? BURRlLL  * J* 

T,  * SM I T H , D • { HARR 1 SON  » S . ISOLOMON.S.  J % ? 

CONTRACT:  AF  33<6lS)-3636 

unclassified  report 


DESCRIPTORS:  ( *SOLAR  CELLS,  SILICON),  MANUFACTURING, 

POWER,  HEIGHT,  COSTS,  FILMS,  THICKNESS  <U» 

IDENTIFIERS:  ION  IMPLANTATION,  THIN  FILMS  <U» 

THE  program  is  primarily  directed  at  the 
fabrication  of  high  poweR-to-weighT  Ratio  cells  *ith 
integral  coverSlips.  ouring  this  quarter 
INVESTIGATIONS  were  CONCEnTRATEO  on  CONVENTIONAL 
silicon  material  cells,  at  a nominal  thickness  of 
r mils  (Without  coverslipi,  efficiencies  as  high 

AS  10.3ft  (AMO)  AND  P/W  RATIOS  OF  1 2 1 WATTS/LB 

have  been  achieved,  at  s mils,  thf  Respective 

NUMBERS  are  9 • Sft  and  181  WATTS/LB*  EIGHT  MlL 

cells  with  t.s  integral  coverslips  were  made  with 

EFFICIENCIES  of  12. 3S  (TUNGSTEN  » 2800  K)  AND 

P/W  RATIOS  of  130  WATTS/LB  (TuNGSTENl.  <U> 
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RCA  LABS  PRINCETON  N J 

ADVANCED  THIN-FILM  SOLAR  CELLS*  <U> 

DESCRIPTIVE  NOTE • FINAL  REPT.  l 6 NOV  65“15  NOV  66, 

JAN  67  S3P  CROSSLET  .PETER  A.  {NOEl.i 

GERALD  T.  ! PERK  I Ns ,P AV I 0 M.  S H U t .WILLIAM  L* 

c.  ; brodtman ,k arl  ; 

CONTRACT!  AF  33<61S)-3RS6 
proj:  AF-8  I 73 

task:  817301 

MONITOR;  AFAPL  TR-67-R 

UNCLASSIFIED  report 


DESCRIPTORS:  USOLAR  CELLS,  •SEMICONDUCTING  FILMS), 

gallium  arsenides,  transport  properties,  substrates, 

MASS  SPECTROSCOPY.  CAPACITANCE,  PREPARATION.  PROCESSING. 
LABORATORY  FURNACES,  impurities.  STABILITY,  OXIDES  (u) 
identifiers:  ant ireflect ion  coatings,  thin  films,  thin 

film  electronics  (u) 

during  THIS  CONTRACT  THIN-FILM  GA AS  SOLAR  CELLS 
USING  SEMITRANSPARENT  PT  LAYERS  AS  THE  BARRIER 
CONTACT  Have  been  maoe  and  INVESTIGATED  TO  improve 
their  photovoltaic  characteristics,  studies  of  the 
gaas  film,  grown  by  the  oxide  transport  process, 
and  the  barrier  contact  structure,  consisting  of  the 
PT  FILM,  GRIDDING,  and  antireflection  coating,  led 
TO  THE  FABRICATION  OF  a CELL  OF  2-SQ  CM  ACTIVE  AREA 
WITH  an  EFFICIENCY  OF  3.77  PERCENT  UNDER  TUNGSTEN 
LIGHT  GIVING  AN  !(SC>  VALUE  EQUIVALENT  TO  THAT  OF 
1/100  MW  so  CM  AIR  MASS  1 SUNLIGHT.  THE  CELL 
FABRICATION  METHODS  WHICH  WERE  DEVELOPED  RESULTED  IN 

cells  that  exhibited  no  degradation  under  Room 

AMBIENT.  IaUTHOR)  « (J  ) 
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HUGHES  AIRCRAFT  CO  EL  SEGUNDO  CALjF  SPACE  SYSTEMS  DIV 

FLEXIBLE  INTEGRATED  solar  cell  ARRAY.  (U> 

DESCRIPTIVE  NOTE!  QUARTERLY  REPT.  NO.  7.  1 DEC  66-1 
MAR  67. 

mar  67  33P  oupont .preston  s.  ; 

SUENAGA.EIJI  L • iBURNELL.P.  J 
REPT.  NO*  SSD-70123R 
contract:  AF  3 3 1 6 1 S ) - 2 7 SO 

PROJI  A F -8  i 7 3 

task:  81730-007 

UNCLASSIFIED  report 


DESCRIPTORS:  (*SOLaR  CELLS,  CONFIGURATION), 

ENVIRONMENTAL  TESTS,  TEST  METHODS,  ACOUSTICS,  VIBRATION, 
SOLAR  PANELS,  TEMPERATURE.  TUNGSTEN. 

FRACTURE(MECHANlCS)  , GLASS,  ALUMINUM,  SHOCK ( MECH AN  I CS ) , 
NOISE  (U> 

identifiers:  titan  3 iu» 

the  seventh  quarter  activity  described  in  This 
REPORT  CONSISTS  Of  THE  UPGRADING  of  the  mechanical 
model  IN  PREPARATION  FOR  THE  titan  in  VIBRATION 
and  ACOUSTIC  NOISE  TESTS.  SP8b,  an  advanced 
(SOLDERLESS)  SOLAR  CELL  ARRAY,  COMPLETE  WITH 
COVERGLASSES , has  been  ASSEMBLED,  sunlight  TESTED  at 
table  MOUNTAIN,  and  integrated  into  the 
MECHANICAL  MODEL  OUMMY  SOLAR  panel,  spba.  an 
earlier  SOLAR  array,  has  also  been  patched  into  THE 
DUMMY  solar  PANEL.  EFFICIENCY  TESTS  AT  TABLE 
MOUNTAIN  WERE  CONOUCTED  ON  DRlFT-FIELD  SOLAR  CELLS. 
SPECTRAL  RESPONSE  TESTS  HaVE  BEEN  RUN  On  THE 
VARIOUS  TYPES  OF  SOLAR  CELLS  USED  in  the  FlSCA 
PROGRAM,  (AUThOr)  (U> 
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west i nghouse  electric  corp  youngwood  PA  SEMICONDUCTOR 

d:  v 

high  VOLTAGE  SOLAR  cell  array  segment,  I u > 

DESCRIPTIVE  NOTE!  INTERIM  PROGRESS  REPT • N0«  5,  1 JAN-31 
MAR  6 7 ♦ 

MAR  67  32P  HARDING. W,  R»  ♦ UR? 

CONTRACT?  AF  33<6lS)-3R62 

unclassified  report 


DESCRIPTORS:  (*SOLAR  cells,  INTEGRATED  CIRCUITS), 

(•semiconducting  fjlms.  manufacturing),  crystallization, 
masking,  ion  engines,  silicon,  evaporation,  deposition, 
impurities,  doping,  surface  PROPERTIES,  feasibility 
studies,  oxides,  phosphorus.  leakagE(electrical)  ♦ 

INFRARED  SPECTROSCOPY,  etching,  ELECTRICAL  RESISTANCE, 

DIFFUSION  iu> 

IDENTIFIERS:  FABRICATION,  METALLIZATION.  NEAR  INFRARED 

region  cu» 

A SOLUTION  TO  THE  PROBLEM  OF  LATERAL  ISOLATION  of  a 

series  string  monolithic  solar  cell  is  presented* 

THE  STRUCTURE  PROOUCEO  CELLS  WITH  OUTPUT  V0lTa6ES 
OF  2 VOLTS  v max  and  7.3S  CONVERSION  EFFICIENCY 

under  am»o,  1**0  Mw/SQ  CM  ILLUMINATION,  GOOD  ,s 

curve  factors  and  outputs  were  demonstated  indicating  | 

THE  FEASIBILITY  Of  INTERNAL,  MONOLITHIC  ISOLATION  and  I 

INTERCONNECTION.  (AUTHOR)  <u>  I 
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HU6HE5  AIRCRAFT  CO  EL  SEGuNDO  CALIF  SPACE  SYSTEMS  OIV 

FLEXIBLE  INTEGRATED  solar  cell  ARRAY.  (I 

DESCRIPTIVE  NOTE  I QUARTERLY  REPT.  NO.  B»  2 MaR-1  JUN 
67  t 

JUN  &7  8^P  DUPONT .PRESTON  S.  {BALLEW, 

L . I SUENAG A »E I J 1 L,  ITHOMaS.H.  ITERKUN.V.  J 

REPT.  NO.  SSD-7Q268R 
contract:  AF  33<6l5)-27S0 

PROj:  AF-8173 

task:  81730 


UNCLASSIFIED  report 


DESCRIPTORS:  <*S0LAR  PANELS . EnV I RONMEnTaL  T£STS  ),  MODEL 

tests,  humidity,  configuration,  vibration,  visual 
inspection,  noise*  INTENSITY,  TEMPERATURE,  storage, 
weight,  REDUCTION  ( u ) 

IDENTIFIERS:  ARRAYS,  SOLAR  CELLS,  SUNlJGhT  <U> 

the  eighth  quarter  activity  DESCRIBED  IN  this 
REPORT  INCLUDED  The  COMPLETION  OF  ENVIRONMENTAL  tests 
on  the  fisca  mechanical  model,  preliminary 
qualification  tests  on  conventional  2 x 2 cm  cell 
array  segments,  humidity  tests  on  the  sp-ie 
DENDRITIC  cell  array  SEGMENT,  and  EFFICIENCY 
measurements  for  a Sample  of  qRift-field  dendritic 

cells.  THREE  CANDIDATE  DESIGNS  WERE  ALSO  COMPLETED 
FOR  FISCA  FLIGHT  UNITS.  ThE  MECHANICAL  MODEL 
SUCCESSFULLY  PASSED  BOTH  A VIBRATION  AND  AN  ACOUSTIC 

noise  test  at  titan  1 i 1 c qualification  levels. 

sample  ARRAY  SEGMENTS,  FABRICATED  USING  8 AND  8 MIL 

thick,  2 x 2 cm  cells,  also  passed  a titan  me 
VIBRATION  test,  a visual  INSPECTION  AFTER  hob 
HOURS  of  high  HUMIDITY  EXPOSURE  AT  ELEVATED 

temperatures  revealed  no  damage  to  The  sp-ie 

array,  ELECTRICAL  PERFORMANCE  TEST  RESULTS  ARE  NOT 
YET  AVAILABLE.  SUNLIGHT  PERFORMANCE  MEASUREMENTS 
WERE  CONDUCTED  AT  TABLE  MOUNTAIN  FOR  A SAMPLE  OF 
DENDRITIC  DRIFT-FIELD  CELLS.  A DRIFT-FIELD  PRIMARY 

standard  WAS  used  AS  a reference,  conversion 
efficiencies  as  high  as  n percent  umo,  iho  mw/sq 

cm,  2S  C,  90  PERCENT  ACTIVE  AREA  FACTOR)  WERE 
MFASURED.  BASED  on  the  CONVENTION  of  NOT  EXCLUDING 
COLLECTOR  grids  From  the  active  AREA,  The  peak 
EFFICIENCY  MEASURED  WAS  10-6  PERCENT  (I.E.t  93 
PERCENT  ACTIVE  area  FACTOR,  AMO,  | HO  MW/SQ  CM,  25 
C).  (AUTHOR)  ( u ) 
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ion  physics  coRp  Burlington  mass 

thin  silicon  solar  cells  by  ion  implantation.  (u) 

DESCRIPTIVE  note:  FINAL  REpT.  25  JAN  66-27  JUN  67, 

JUL  67  70P  BURRILLtJ.  T.  {STIRRUP, K. 

CONTRACT:  AF  33<61S)-3636 

MONITOR:  AFAPL  Tr. 67-83 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  («SqLAR  CELLS,  SILICON),  DENDRITIC 

structure,  infrared  spectra,  acceleration.  Damage , 
Radiation  effects,  hanoling,  ceramic  coatings,  surface 
properties,  crystal  STRUCTURE  (U> 

IDENTIFIERS:  SEMICONDUCTOR  JUNCTIONS  <u> 

the  Report  describes  investigations  performed  over 

A 17  MONTH  PERIOD  ON  THE  FABRICATION  OF  THlN  N-ON-P 
SILICON  CELLS  USING  THE  ION  IMPLANTATION  TECHNIQUE. 

investigations  conoucted  UNDER  this  program 
REPRESENT  an  EXTENSION  OF  INVESTIGATIONS  CONDUCTED  on 
CONTRACT  aF33(6|S)-2292  ANO  PRECEDING 
CONTRACTS.  RORK  ON  DENDRITIC  MATERIAL  DEMONSTRATED 
THAT  CELL  QUALITY  is  almost  COMPLETELY  DETERMINED  by 
THE  STARTING  MATERIAL.  ALTHOUGH  MATERIAL  OF  THE 
HIGHEST  QUA!  I T Y R*s  NOT  AVAILABLE  FOR  USE  ON  THIS 

contract,  cells  with  amo  efficiencies  of  greater 

than  9.92  AND  PORER-TO-RE ! GHT  RATIOS  OF  GREATER 
THAN  100  VIATTS/LB  WERE  FABRICATED.  THESE  VALUES 
WERE  ACHIEVED  ON  CELLS  RHiCH  HAD  THE  DENDRITES  LEFT 
ON  TO  PRO V I OF  STRUCTURAL  RIGIDITY  AND  FoRM  PART  OF 
THE  ACTIVE  AREA.  WORK  ON  CONVENTIONAL  MATERIAL  HAS 
DEMONSTRATED  THE  FEASIBILITY  OF  FABRICATING  SILICON 
SOLAR  CELLS  USING  A REFLECTING  BACK  C ONE  I GUR A T I ON , 

the  use  of  this  contact  rill  allow  thinner,  moRe 

RADIATION  RESISTANT  CELLS  TO  BE  FABRICATED  RlTH 

higher  efficiencies  due  to  the  second  pass  of  the 

INCIDENT  RADIATION  THROUGH  THE  CELL  AND  THUS  aN 

increased  absorption  path  nearer  the  junctions* 
cells  dorn  to  o.oor  inch  have  been  fabricated, 
using  this  technique,  rhich  showed  improved 
efficiencies  under  both  tungsten  and  aMO 
CONDITIONS.  (AUTHOR),  CU) 
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HIGH  V0LTA6E  SOLAR  CELL  ARRAY  SEGMENT.  <U» 

DESCRIPTIVE  note:  INTERIM  PROGRESS  REPT*  NO*  6,  l APR-30 

JUN  67  • 

JUN  67  ZIP  nowalk, t.  p.  1 

contract:  aF  331 AlS)-3R62 

UNCLASSIFIED  .report 


DESCRIPTORS:  (*SOLAR  CELLS,  MANUFACTURING),  SILICON 

coatings,  frequency  multipliers*  design*  interrupters, 
tungsten,  voltage  controlled  oscillators  <u> 

THIS  REPORT  COVERS  THE  PROGRESS  ON  THE  HIgH 
VOLTAGE  SOLAR  CELL  ARRAY  SEGMENT*  THE 
INTERNAL  INTEGRATED  ISOLATION  AND  INTERCONNECTION 
DESIGN  WAS  USED  IN  FABRICATION  OF  HVSC  ON  SILICON 
WEB • A SERIES  CONNECTED  ARRAY  OF  FOUR  UNCOATED 
UNITS,  NOT  NECESSARILY  ADJOINING  ONE  WITH  THE  OTHER, 

yielded  an  integrated  output  of  voc  * 2.0  volts  and 
S.S  EFFICIENCY  under  100  MW/CM  squared  INCIDENT 
TUNGSTEN  LAMP  R A 0 I A T I ON e THE  CURVE  FACTOR  WAS 
0.7&.  PROBLEMS  ENCOUNTERED  WERE  SIMILAR  TO  THOSE 
EXPERIENCED  ON  EQUIVALENT  ARRAYS  FABRICATED  on 

silicon  wafers*  Thus,  feasibility  of  the  design 

CONCEPT  HAS  BEEN  DEMONSTRATED  ON  SILICON  WEB.  SIZE 
AND  WEIGHT  Of  THE  MULTIPLIER  PORTION  OF  ThE  CONVERTER 

were  reduced  by  a factor  of  five  by  using 

SUBMINIATURE  COMPONENTS.  CHOPPER  OPERATION  has 
been  DEMONSTRATED  at  A FREQUENCY  of  I Muz. 
finally,  the  DEVELOPMENT  of  a voltage  controlled 
oscillator  for  VOLTAGE  regulation  has  been  INITIATED. 
(AUTHOR)  Cu> 
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hughes  AIRCRAFT  Co  EL  SEGUNOO  CALI?  SPACE  SYSTEMS  DIV 

FLEXIBLE  INTEGRATED  solar  cell  array.  <u> 

DESCRIPTIVE  NOTE?  FINAL  REPT.  i JUN  6S-3l  MAY  67, 

AUG  67  1 53P  BERRY, L»  B*  ?BROWN,W.  D* 

(DAWSON,*,  p.  ?suenaga,e.  l.  t 
REPT.  NO*  SSD-70378R 

CONTRACT?  AF  33UISI-27S0  
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TASK?  81730-007 

MONITOR?  AFAPL  TR-67-100 

unclassified  report 


DESCRIPTORS?  <*S0LAR  PANELS,  FLEXIBLE  STRUCTURES). 

(•SOLAR  CELLS,  AEROSPACE  CRAFT),  LAUNCHING,  PACKAGING, 

TEST  METHODS,  aEROo YN AM  I CS , VIBRATION,  STRESSES, 

HALOCARBON  PLASTICS.  GLASS  TEXTILES.  GRAVITY, 

DEFLECTION,  CONFIGURATION,  MANUFACTURING  (U) 

identifiers:  atlas,  centaur,  TITAN  3 CUI 

A 2-YEAR  RESEARCH  AND  DEVELOPMENT  PROGRAM  FOR  THE 
air  FORCE  WAS  CONOUCTED  To  ACQUIRE  The  TECHNOLOGY 
to  DESIGN  AND  FABRICATE  FLEXIBLE  DEPLOYABLE  SOLaR 
CELL  ARRAYS  THAT  ADVANCED  THE  POWER-TO-WE I GhT  RATIO 
OF  PRESENT  ARRAYS  BV  A FACTOR  OF  THREE*  LARGE  AREA 
FLEXIBLE  INTEGRATED  SOLAR  CELL  ARRAYS 
(FISCA)  ARE  CAPABLE  OF  COMPACT  STOWAGE  AND  POSITIVE 
DEPLOYMENT  AND  RETRACTION,  THIS  REPORT  PRESENTS 
THE  FISCA  DEVELOPMENT  PROGRAM  INCLUDING  THE 

subsystem  design  and  mechanical  system  test 

CERTIFICATION  To  THE  ATLAS/CENTaUR  ANd  TITAN 
tll-c  LAUNCH  ENVIRONMENT,  the  FISCA  DESIGN 

was  extended  to  include  large  area  solar  arrays,  a 
50-SQUARE-F00T  DEMONSTRATION  MODEL  capable  of 
producing  soo  watts  in  a near-earth  orbit  w*s 
fabricated  and  tested,  techniques  for  fabricating 
and  testing  flexible  arrays  UTILIZING  STANDARD  2 BY  2 
CM  N/P  10-OHM  Cm  SILICON  CELLS  AS  WELL  AS  1 BY  30 
CM  DENDRITIC  SILICON  CELLS  WERE  EXAMINED.  ALTHOUGH 
EITHER  CELL  COULD  HAVE  8EFN  UTILIZED,  THE  PRIMARY 

effort  was  focused  on  incorporation  OF  A gfp  I BY 

30  CM  OENDRITIC  CELL  INTO  THE  F|SCA  DEMONSTRATION 

model,  proof  of  principle  has  been  established  and 
indicates  that  ARRAYS  UP  to  20  kilowatts  in  size  are 
entirely  feasible,  future  effort  would  be  centered 

AROUND  DESIGN,  DEVELOPMENT.  AND  FABRICATION  OF  A 
FL  I GHT-QUAL I F I ED  5-KW  SYSTEM  HAVING  A SPECIFIC  MASS 
OF  90  LB/KW  OR  BETTER,  <U> 
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IMPROVED  CDTE  SOLAR  CELL  AND  ARRAY  ENVIRONMENTAL 
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DESCRIPTIVE  NOTE*.  QUARTERLY  TECHNICAL  REPT.  NO.  2,  1 
JUN-3 1 AUG  6 7, 

AUG  67  SOP  SCHL.OTTERBECK  .RICHARD  S»  5 

CONTRACT:  F33615-67-C-IR8S 

unclassified  REPORT 


descriptors:  <*solar  CELLS,  DESIGN),  POWER  EQUIPMENT, 

MANUFACTURING,  cadmium  ALLOTS,  TELLURIDES,  SUBSTRATES, 
MOLYBDENUM,  WEIGHT,  LEAKAGeIELECTRICAL)  • HEAT  TREATMENT. 
FILMS,  EFFICIENCY,  DOPING,  ETCHING,  COPPER  ALLOYS, 

solubility,  platinum,  single  crystals  < u > 

IDENTIFIERS:  PROTOTYPE  EQUIPMENT,  ARRAYS,  SOLAR 

CELLS  IU) 

SEVERAL  ONE  SQUARE  INCH  CELLS  HAVE  BEEN  MaDE  FROM 
LIGHT  WEIGHT  MATERIAL  AND  2-12  MICRON  CDTE  FILMS. 

THESE  CELLS  HAO  A WEIGHT-TO-AREA  RATIO  OF  0.022 
POUNDS  PER  SQUARE  FOOT  ANo  A POWER-TO-We I QHT  RATIO  OF 

mo  watts  per  pound,  a generally  negative 
EXPONENTIAL  DEPENDENCE  of  cell  leakage  conductance  on 

FILM  THICKNESS  HAS  BEEN  OBSERVED.  INTERESTING 
RESULTS  HAVE  BEEN  NOTED  On  FILMS  GROWN  ON  MOLY 
SUBSTRATES  TREATED  IN  A WiOE  VARIETY  OF  DIFFERENT 

etchants,  one  particular  new  solution  Resulted  in 

FILM5  WITH  ONE-HALF  TO  ONe-TH  f RD  THE  LEAKAGE 
CONDUCTANCE  OF  FILMS  GROWN  on  SUBSTRATES  ETCHED  BY 
THE  STANDARD  SULFaTE  SOLUTION.  SEVERAL  PROTOTYPE 
DESIGNS  OF  A SlNGLE-FEED  BOILER  ARE  BEING  EVALUATED. 

further  studies  of  single  vs.  double  treatment, 
INTERMEDIATE  h£aT  TREATMENT,  DIP  time  and  SOLUTION 
CONCENTRATION  have  RESULTED  in  refinements  of  the 
cum)  barrier  formation  process,  (author)  <u> 
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iichjkawa.y.  { 

CONTRACT:  AF  33<6l5)-3223 

PROj:  AF-8 | 73 

task:  81730! 

MONITOR:  AFAPL  Tr-67-101 

UNCLASSIFIED  report 


DESCRIPTORS:  <*S0Lar  CELLS,  *S I L I CON  I , («DENdRiTIC 

STRUCTURE.  SOLAR  CELLS!,  weight*  reduction,  tungsten. 
SPECIFICATIONS,  THICKNESS,  INTENSITY,  TEMPERATURE. 
DIFFUSION,  EPITAXIAL  GROWTH , SUBSTRATES.  DaMaGE. 
radiation  effects,  spectrophotometers,  sputtering. 

OPTIMIZATION,  COaTjnGS,  QUaRTZ,  SILVER  COMPOUNDS, 
titanium  <u> 

THIS  REPORT  DESCRIBES  THE  RESEARCH  AN0  DEVELOPMENT 
WORK  TO  OPTIMIZE  AND  FABRICATE  DENDRITIC  SlLUON 
SOLAR  CELLS  IN  THE  AREAS  RELATED  TO  WEIGHT  REDUCTION, 

physical  and  electrical  characteristics,  aNq 
radiation  resistance,  a total  of  970  diffused 
STANDARD  CELLS  and  901  EPITAXIAL  DRIFT  field  cells  of 
I BY  30.5  CM  SIZE  WERE  FABRICATED.  THE  EFFICIENCY 
RANGE  OF  THE  STANDARD  CELLS  WaS  9.0  TO  13.3  PERCENT 
WITH  A MEAN  OF  10, S PERCENT,  AND  THE  RANGE  OF  THE 
DRIFT  FIELD  CELLS  WAS  9.0  TO  | 2 . 7 PERCENT  W ' TH  A MEAN 
OF  10.6  PERCENT,  THE  CELL  EFFICIENCIES  ARE  BASED 
ON  TUNGSTEN  tOO  Mw/SQ  CM.  PHYSICAL  AND  ELECTRICAL 
PROPERTIES  based  on  typical  cell  CHARACTERISTICS 
RELATED  to  ILLUMINATION  INTENSITY,  SPECTRAL  RESPONSE, 
TEMPERATURE,  and  RADIATION  RESISTANCE  are  GIVEN, 
process  SPECIFICATIONS  for  cell  FABRICATION  are 
INCLUDED.  INTEGRAL  QUARTZ  COATINGS  OF  AT  LEAST 
.001  INCH  THICKNESS  WERE  EVALUATED  AND  ARE  DISCUSSED 
BRIEFLY.  !u> 
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HIGH  VOLTAGE  solar  cell  array  segment.  iu> 

DESCRIPTIVE  note:  INTERIM  PROGRESS  REPT.  no.  7,  I JUL-jO 

SEP  t>7  , 

SEP  6 7 3 2P  NOWALK, T.  P.  5 

CONTRACT!  Ar  33 ( 6 1 5 ) *3162 

UNCLASSIFIED  report 


DESCRIPTORS:  <*solar  panels*  SILICON),  (*SOLAR  cells, 

silicon),  voltage  regulators,  processing,  masking, 

DIFFUSION,  VOLTAGE,  EPITAXIAL  GROWTH,  DOPING,  DENDRITIC 
STRUCTURE,  OXIoATION.  POWER  AMPLIFIERS,  PULSE  AMpLIFIlU) 
IDENTIFIERS:  ISOlATORSIELEcTRONICS) , MULTIVIBRATORS, 

PHOTORESIST  TECHNIQUES,  VOLTAGE  MULTIPLIERS  <u) 

THIS  REPORT  COVERS  THE  PROGRESS  ON  THE  HIGH 

voltage  solar  cell  array  segment, 
processing  of  twelve  inch  long  silicon  web  was 
performed,  a number  of  MODIFICATIONS  related  to 
the  photomasking  and  isolation  diffusion  steps  were 
introduced  which  made  this  possible,  the  longest 

CELL  TESTED  CONSISTED  OF  a 13-Unit  CONTIGUOUS  array 
WHICH  YIELDED  VOC  « 19.7  VOLTS,  ISC  ■ 5.5  Ma  AND 
PM  ■ 71.1  MW  UNDER  100  SO  CM  TUNGSTEN  LIGHTS. 

EFFICIENCY  IN  THE  UNCOATEd  STaTe  WAS  3*98  -- 
EQUIVALENT  to  AN  ESTIMATED  >5*  COATED  CELL. 

THUS  THE  PROGRAM  CONCEPT  OF  THE  HIGH  VOlTaGE  SOLAR 
CELL  HAS  BEEN  EXTENDEO  TO  PHYSICAL  LENGTHS  UP  TO 
TWELVE  INCHES,  AND  DEVICES  HAVE  BEEN  TESTED  IN  ARRAYS 
WHICH  exceed  seven  inches  IN  LENGTH,  a POWER 
CONDITIONING  network  CAPABLE  of  CONVERTING  50  VDC  TO 
1000  VOC  WITH  a io  WATT  POWER  CAPABILITY  has  been 

developed  using  voltage  multiplier  techniques. 

SYSTEM  EFFICIENCY  at  FULL  load  is  APPROXIMATELY 

758*  better  than  58  voltage  Regulation  is 
OBTAINED  for  LOADS  RANGING  FROM  10*  of  full  load  to 
full  load,  a rating  OF  16  watts/lb  is  OBTAINED 

with  PROTOTYPE  BREADBOARD  CIRCUIT.  (AUTHOR)  IU> 
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GENERAL  ELECTRIC  CO  LYNCHBURG  VA  POL Y cR Y ST  ALL  I NE 
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improved  cote  solar  cell  and  array  environmental 
effects  investigation.  <U> 

DESCRIPTIVE  note*  QUARTERLY  TECHNICAL  REPT.  no.  3 * 1 
SEP*30  NOv  87, 

OEC  87  BOP  SCHLOTTERBECK. RICHARD  S»  * 

CONTRACT*.  F33MS-67-C-1H85 

UNCLASSIFIED  report 


DESCRIPTORS:  <*solar  CELLS,  EFFICIENCY).  CADMIUM, 

tellurium,  silver,  copper,  scientific  research, 

PLATINUM,  PROCESSING,  PHOSPHORUS,  STABILITY, 
PREPARATION,  PERFORMANCE(ENGINEERING) , ENVIRONMENTAL 
tests 


c u > 


A SIMPLE  AND  QUICK  PROCEDURE  FOR  PREPARING  AND 
TESTING  COTE:  CU2TE  SOLAR  CELLS  MADE  from 
SINGLE  CRYSTALLINE  COTE  IS  DESCRIBED.  THIS  NEW 

technique  will  reduce  the  overall  time  factor  FOR 
device  PREPARATION  AND  test  and  THEREBY  INCREASE  the 
EFFICIENCY  OF  RESEARCH  INVESTIGATIONS,  the  applied 
research  program  was  directed  to  studies  of  the 

EFFECTS  OF  SUBSTRATE  ETCHjNG  and  PHOSPHORUS  DOPING  ON 

cell  performance*  it  has  been  Shown  that  the 
FERRICYANiDE  ETCH  of  the  moly  substrate  RESULTS  in 
high  quality  cote  film,  which,  on  the  average, 
produces  higher  efficiency  ie.g.  h.ss  vs.  r.i*) 

AND  LESS  ‘LEAKY*  CELLS  THAN  FILM  GROWN  ON  ACID 
TREATED  SUBSTRATES.  A COMPARISON  BETWEEN 
PHOSPHORUS  AND  COPPER  AS  ACCEPTOR  DOPANTS  in  the 
CDTE  FILM  showed  THAT  THE  LATTER  ELEMENT  WAS 
SUPERIOR  IN  TERMS  OF  CELL  ISC  AND  EFFICIENCY. 
EFFICIENCIES  IN  The  RANGE  of  h.58  TO  5«5*  HAVE 
BECOME  FAIRLY  COMMON  FOR  I SQ.  IN.  CELLS.  WITH 
LARGER  AREAS  (1  IN.  X M IN.)*  The  values  ARE 
SOMEWHAT  LOWER,  Namely  3.5*  To  5.0*.  scanning 
OF  TMF  LARGER  AREAS  IN  1 C*2  KELL  UNITS*  HaS  CLEARLY 
SHOWN  THAT  MANY  PORT  1 0N5  OF  ThE  LARGER  AREA  ARE  OVER 

5.o*  efficiency,  it  is  believed  THAT  further 
RFFINEMENTS  IN  the  FILM  GROWING  PROCESS,  RATHER  THAN 
THE  CHOICE  OF  DOPANTS,  IS  THE  KEY  TO  ACHIEVING  CELL 
efficiencies  greater  than  THE  5*  level  that  HAS 
bfen  DEMONSTRATED  in  the  work  OF  this  QUARTER. 

(AUTHOR)  (U) 


1 69 

unclassjf  ieo 


/Z0MO7 


UNCLASSIFIED 

DPC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  /ZQM07 

AD-  828  769  10/2 

WESTInGHOuSE  electric  CORP  YOuNGWOOD  pa 

# 

HIGH  VOLTAGE  SOLAR  cell  array  segment,  (U> 

OESCRIPTIVE  note:  FINAL  REPT.  3 JAN  66-15  NOV  67, 

NOV  67  | 1 OP  NOWALK, T,  F"  • ,HAJEK»G. 

0.  5 
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unclassified  report 


DESCRIPTORS:  USOLAR  panels.  FEASIBILITY  STUDIES), 

manufacturing,  microelectronics, 

PERFORMANCE(ENGINEERING) , INTEGRATED  CIRCUITS, 

ELECTRICAL  PROPERTIES,  SILICON,  solar  cells,  DC  TO  DC 
converters  cu> 

identifiers:  electrical  loaoing,  ion  propulsion, 

semiconductor  JUNCTIONS  <u> 

THE  FINAL  REPORT  SUMMARIZES  THE  ENTIRE  DEVELOPMENT 

program  conducted  by  the  westjnghouse  Electric 

CORPORATION  IN  WHICH  FEASIBILITY  OF  FABRICATING 
HIGH  VOLTAGE  SOLAR  CELL  ARRAYS  ON  1 CM  X 30  CM 

silicon  web  was  demonstrated,  and  a power 

CONDITIONING  NETWORK  FOR  CONVERSION  OF  50  VqC  To  1000 

voc  with  a 10  watt  power  capability  was  developed 
using  voltage  MULTIPLIER  TECHNIQUES,  the  high 
VOLTAGE  SOLAR  CELL  ARRAY  SEGMENT  WAS  DESIGNED  ABOUT  A 
DIFFUSED  ISOLATION  and  INTERCONNECT  structure,  the 
analogue  of  a series  array  of  more  than  sixty 
INDIVIDUAL  cells  IN  THE  WELL-KNOWN  SHINGLED 
CONFIGURATION.  FABRICATION  OF  THE  MONOLITHIC 
STRUCTURE  REQUIRED  DEVELOPMENT  OF  NEW  TECHNIQUES  FOR 
HANDLING  TWELVE-INCH  PIECES  OF  SILICON,  NOTABLY  IN 

diffusion  ano  PHOTOMASKING  operations,  the 
resultant  high  voltage  cells  WERE  CHARACTERIZED  by 
open  CIRCUIT  VOLTAGES  OF  30  VOLTS,  SHORT  CIRCUIT 
CURRENTS  OF  7 To  a MA  AND  EFFICIENCIES  UP  TO  7*3* 

UNDER  100  MA/SQ  CM,  AMI,  TUNGSTEN  RADIATION, 

thus,  the  final  samples  delivered  to  the  air 

FORCE  DEMONSTRATE  THE  FEASIBILITY  OF  BUILDING  HIGH 
VOLTAGE  SOLAR  CELL  ARRAY  SEGMENTS  IN  MONOLITHIC 
STRUCTURES  AS  PER  CONTRACT  EXPECTATIONS.  THE  CELL 

design,  fabrication  process  and  test  results  are 
REVIEWED  IN  This  report.  (AUTHOR!  <U> 
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DESCRIPTIVE  NOTf.  : QUARTERLY  REPT.  no.  M,  1 DEC  67-29 

FEB  60. 

MAR  6a  SSP  SCWLOTTERBECK, RICHARD  S»  I 

CONTRACT!  F33615-67-C-IR05 

unclassified  report 


DESCRIPTORS:  (»SOLAR  CELLS,  CADMIUM  COMPOUNDS),  1 *SOL AR 

panels,  cadmium  compounds),  tellurides,  films, 

SUBSTRATES,  MOLYBDENUM,  COPPER,  CADMIUm  SULFIDES, 
ADHESION,  ELECTRON  DIFFRACTION,  MICROSCOPY,  TRACER 
STUDIES,  EFFICIENCY,  GOLD,  ENVIRONMENTAL  TESTS  (U> 

IDENTIFIERS:  •CADMIUM  TELLURIDEi  thin  FILMS  <u) 

BASIC  MATERIALS  RESEARCH  HAS  BEEN  CONDUCTED  In  FOUR 
GENERAL  areas  as  follows:  ELECTRON  DIFFRACTION 
and  OPTICAL  MICROSCOPY  STUDIES,  QUANTUM  EFFICIENCY 

measurements  versus  wavelength  under  operating 
CONDITIONS,  DEGRADATION  tests  under  CONTROLLED 
AMBILnT  CONDITIONS  AND  OIFFUSiOn  AND  SOLUBILITY 
MEASUREMENTS  USING  RADIOACTIVE  COPPER,  a MAXIMUM 
EFFICIENCY  OF  S,5«  (SUNLIGHT  INTO  ELECTRIC  POWER, 

AMI)  WAS  CALCULATED  ON  THE  BASIS  OF  THE  SPECTRAL 
RESPONSE  AND  I-V  CHARACTERISTIC  OF  A FRESH, 

•BARE*  SINGLE  CRYSTAL  CELL*  EFFICIENCIES  GREATER 
than  6.s*  would  be  expected  after  allowances  for 

CFLL  AREA  COVERED  BY  THE  CONTACT  AND  THE  USE  OF 

lacquer  as  an  anti-reflectance  coating*  A 
fundamental  study  of  the  reactions  which  may  be 
taking  PLACE  ON  The  substrate  Has  been  STARTED* 

RESULTS  ARE  REPORTED  ON  ThE  BEHAVIOR  OF  BOTH 
PLATJNUM  BARRIER  and  COPPER  BARRIER  CELLS  IN  A 
VARIETY  OF  ENVIRONMENTS.  EFFICIENCIES  Of  5*50  ON 
ONE  SQUARE  INCH  CELLS  HAVE  BEEN  OBSERVED  WITH  NO 
MEASURABLE  deterioration  at  room  tempeRature/dby  AIR 
OR.  IN  AIR  AT  79*  R » H.  AREA  SCANNING 
TECHNIQUES  ON  60  SQUARE  INCHES  OF  GROWN  FILM  HAVE 
DISCLOSEO  APPROXIMATELY  ONE  SQUARE  INCH  AREAS  WITH 
efficiencies  as  high  as  5 , B* . MODIFICATIONS  in 
THE  GOLD  GRIDDING  TECHNIQUE  AND  EVAPORATION  CYCLE 
HAVE  RESULTED  IN  SIGNIFICANTLY  HIGHER  CELL  EFFICIENCY 
DISTRIBUTIONS.  (AUTHOR)  < U > 
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GERMANIUM  PHOTOVOLTAIC  CELLS.  € u > 

DESCRIPTIVE  note:  FINAL  REpT.  15  JUL  6&-29  DEC  67, 
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1 WEHRl  I ,H  . A . J 

CONTRACT*.  DA-28-0H3-AMC-02350(E> 

PROj:  DA-1T0-1R501-A3RA 

MONITOR*  ECOM  02350-F 

UNCLASSIFIED  REPORT 


DESCRIPTORS!  <*SOLAR  CELLS,  DESIGN).  MANUFACTURING, 

germanium,  crystal  growth,  electrical  resistance, 

DIFFUSION,  GALLIUM,  SOLAR  PANELS,  FEASIBILITY  STUDIES, 

performanceiengineering) , efficiency,  voltage,  ELECTRIC 

CURRENTS  € U > 

THIS  final  REPORT  DESCRIBES  The  DEVELOPMENT  of  a 
LARGE-AREA  THERMQPHOTOVOLTAIC  cell  made  on  GERMANIUM 
WEB.  THE  WEB  GROWTH  PROCESS  IS  DISCUSSED. 

including  the  modifications  necessary  for  growth  of 

N-TYPe  WEB  OF  RESISTIVITY  AS  LOW  as  o.ooh  OhM-CM. 
DEVICES  UTILIZING  EITHER  FRONT  OR  BACK  JUNCTIONS. 

AND  PREPARED  EITHER  BY  ALLOYING  OR  BY  DIFFUSION,  W£RE 
PREPARED,  OF  THESE  DEVICES,  ThE  G ALL  I UM-d j FfUSED 
FRONT  JUNCTION  TYPE  SHOWED  MOST  PROMISE  AS  A 
ThERMOPHOTOVOLTA I C POWER  GENERATOR.  UUTHOR)  tUl 
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semiconductor  prooucts  business  section 
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EFFECTS  INVESTIGATION.  (u) 

DESCRIPTIVE  NOTES  QUARTERLY  TECHNICAL  REPT.  NO.  St  1 
MAR-31  MAY  68, 

MAY  68  106P  SCHLOTTERBECK (RICHARD  S*  I 

contract:  F336l5-67-C-l*18S 

UNCLASSIFIED  REPORT 

supplementary  note:  see  also  quarterly  Technical  REPt.  no. 

3.  AO-825  <tss. 

DESCRIPTORS!  US0LAR  CELLS,  MANUFACTURING),  CADMIUM 

compounds,  tellUrioes,  environmental  tests,  efficiency, 
stability,  test  methods,  mathematical  models, 
correlation  TECHNIQUES,  metallography,  space  SIMULATION 
Chambers  iu) 

IDENTIFIERS!  CADMIUM  TELLUR  I DE  , GRAPHS ( CHARTS  I C U » 

WORK  ON  the  basic  PHYSICS  and  chemistry  OF  THE 
CU2TE-CDTE  SYSTEM  *s  WELL  AS  MEANS  FOR 
DEFINING  THE  PROPER  MEASURING  AND  EVALUATION 
PROCEDURES  OF  ACTUAL  CELLS  ARE  PRESENTED  IN  DETAIL, 

significant  contributions  towards  improvement  in 
understanding  the  more  fundamental  aspects  of  the 

CDTE  SOLAR  CELL  WERE  MAOE  IN  THE  FOLLOWING 
AREAS:  use  OF  optical  MICROSCOPIC  TEC  ques  in 
ASCERTAINING  the  ^METALLOGRAPHY*  of  t . mlm  cells: 
electron  diffraction  studies,  maintenance  tests,  and 
DIFFUSION  and  solubility  MEASUREMENTS  Of  COPPER  in 
COTE!  AND,  SOLAR  CELL  SPECTRAL  RESPONSE 
MEASUREMENTS.  EXTENSIVE  STUDIES  HAVE  ALSO  BEEN 

made  on  The  effects  on  film  and  solar  cell 
characteristics  of  three  major  variables  in  the  film 
growth  process:  continual  cucl  feed:  effect  on 
net  0ONOR  CONCENTRATION  OF  cucl  feed  RATE!  AND, 
effect  on  net  donor  concentrations  of  variations  in 

PUMPING  SPEED.  TH£  COMBINED  EFFECTS  OF  THE 
CUCL  POWDER  FLOW  RATE  AND  THE  MEASURED  REACTOR 
PRESSURES  HAVE  ESTABLISHED  AN  EMPIRICAL  RELATIONSHIP 

between  those  variables  and  the  net  impurity  density 

(ND*Na).  A NUMBER  of  CELL  CHARACTERISTICS 

have  been  SUCCESSFULLY  CORRELATED  WITH  (ND-NA), 

AND  The  CORRELATION  qualitatively  accounted  FOR  by  a 
proposed  theoretical  device  MODEL.  < AUTHOR ) ( u ) 
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DESCRIPTIVE  note:  FINAL  REpT.  1 JUL  67-30  jUN  68* 
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KERLE  C.  ; 
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task:  3ISSI9 

MONITOR;  AFAPL  TR-68-76 

unclassified  report 


DESCRIPTORS;  ( *SaTelL I TES < ART  I F 1 C I AL > » ATTITUDE  CONTROL 
SYSTEMS  ) » ( • ATT  I TUqE  CONTROL  SYSTEMS,  *S0LAR  CF.LLS), 

LUBRICATION,  MOMENTUM,  SUN,  DETECTORS,  LIFE  E*PEC  ANCY, 

feasibility  studies,  DESIGN  ‘D 

A 1 2-mONT h PROGRAM  WAS  CONDUCTED  TO  DEVELOP  ThE 
TECHNOLOGY  FOR  ACTIVELY  ORIENTING  1/2-  TO  20-KW 
SOLAR-CELL  ARRAYS  ON  actively  AND  PASSIVELY 
STABILIZED  EarTH-ORIENTED  SATELLITES  WITH  MISSION 
LIFETIMES  OF  3 TO  5 YEARS,  A DETAILED  DESIGN  FOR 

linkage  capable  of  carrying  a 5-kw  array  was 

Or VELOPLD , CONSIDERATION  OF  ThE  GENERAL  DESIGN 
REQUIREMENTS  LEO  TO  SPECIFICATION  OF  A TWO-DEGREE-OF- 
FREEDOM  GEARLESS  MECHANISM  INCORPORATING  SUN  SENSING, 
direct  SHAFT  TORQUING,  and  POWER  TRANSFER  by 
SLiPRING/BRUSH  ASSEMBLIES,  load  conditions  and 
life  REQUIREMENTS  ALLOWED  INCORPORATION  OF  DRY- 
LUPRICATION  TECHNIQUES  THROUGHOUT.  IT  IS  SHOWN 
THAT  SPECIFICATION  OF  RELATIVELY  SHORT  SUN- 
ACQUISITION  TIMES  FOR  THIS  TYPE  OF  SYSTEM  PENALIZES 
THE  DESIGN  UNNECESSARILY.  IN  THE  GENERAL  CASE,  THE 
MISSION  VEHICLE’S  cONTF'OL  SYSTEM  SHOULD  INCLUDE  AN 
ADEQUATE  ANGULAR-MOMENTUM  STORAGE  DEVICE  AS  WELL  AS 

REACTjON-jET  attitude  controls,  the  residual 
atmosphere  precludes  operating  for  any  appreciable 
PERIOD  in  ORBITS  below  SOO  N,  Ml,  ALTITUDE. 
SATISFACTORY  PERFORMANCE  OF  dry,  self-lubricating 
COMPOS  I TES  WAS  demonstrated  for  BEARING  lubrication 
and  for  motop,  power,  and  signal  transfer  brushes, 

(AUTHOR)  ‘ 


1 74 

UNCL  ASS | F I ED 


/Z0M07 


UNCLASSIFIED 


ODC  REPORT  BIBLIOGRAPHY  SEaRCH  CONTROL  No • /ZOM07 

AO-  8 N 7 127  10/2  l3/B 

GENERAL  ELECTRIC  CO  SYRACUSE  N Y SPECIAL  INFORMATION 

prooucts  dept 

IMPROvEO  CDTe  SOLAR  CELL  AND  ARRAY 

environmental  effects  investigation.  ( u > 

DESCRIPTIVE  NOTE  I QUARTERLY  TECHNICAL  PROGRESS  REPT.  No. 
t>,  1 JUN-31  AUG  68, 

SEP  68  28P  ALORICHiR.  W.  {MaRPLE.D* 

T.  F.  5 

CONTRACT!  F336IS-87-C-1H8S 

unclassified  report 


DESCRIPTORS:  (*CADMlUM  COMPOUNDS,  SOLAR  CELLS),  I*SOLAR 

CELLS,  MANUFACTURING),  TELLURiDES,  COPPER  COMPOUNDS, 

crystal  growth,  ultraviolet  spectra,  visible  spectra, 

RESPONsEIBIOLOGY ) , CALIBRATION,  deposition,  EVAPORATION, 
gold,  PHOSPHORUS,  CRYSTAL  oefects,  SEMICONDUCTING  FILMS, 
solar  panels  iu> 

IDENTIFIERS;  CADMIUM  TELLURIDES,  HETERO JUNC* I OnS , 
SEMICONDUCTOR  JUNCTION'S  !u> 

THE  OUTPUT  VOLTAGE  OF  CU2tEICDTE 

HETEROJUNCTION  CELLS  MIGHT  BE  IMPROVED  BY  USING 
INSTEAD  A PN  HOMOJUNCTION,  a mETALJSEmICONDuCTOR 
BARRIER,  OR  SOME  other  TYPE  OF  HETEROjUnCTION. 

DURING  the  PRESENT  QUARTER  PHOSPHORUS  DIFFUSION  HAS 
BEEN  used  TO  form  SHALLOW  PN  HOMOJUNCTIONS,  some 
PHOTOrESPONSE  Was  noted,  but  SEVERE  CURRENT  LIMITING 
WAS  EXPERIENCED  OUE  TO  HIGH  P-REGION  SHEET 
RESISTIVITY.  ALSO  RE-EXAMINED  Was  GOLDSCDTE 
BARRIERS,  FORmEO  by  both  EVAPORATION  and  ELECTROLESS 
DEPOSITION.  ONE  EVAPORATED  GOLD  CELL  YIELDED 
UNUSUALLY  HIGH  OP£N-ClRCUjT  VOLTAGE  (600  MV),  BUT 
CURRENT  (aND  EFFICIENCY)  WERE  RELATIVELY  LOW. 

WORK  ON  SHORT-CIRCUIT  CURRENT  IMPROVEMENT  CHIEFLY 
INVOLVED  IMPROVING  THE  AREA  UTILIZATION  FACTOR  FROM 
ABOUT  898  TO  958 , USING  BETTER  EVAPORATION  MAS*S 
AND  HOLD-DOWN  TECHNIQUES,  AN  ATTEMPT  WAS  MADE  TO 
GAIN  EXTRINSIC  ABSORPTION  OF  LIGHT  BY  GROWING 
COSE ( X ) TE ( l -X  ) MIXED  CRYSTAL  FILMS,  BUT 
NO  INCREASE  IN  CURRENT  WAS  NOTFD.  TWO  METHODS  FOR 
CALCULATING  ShORT-cIRCUIT  CURRENTS  AND  EFFICIENCIES 
FROM  SPECTRAL  RESPONSE  DATA  ARE  GIVEN,  A NON- 
LINEAR RELATIONSHIP  between  output  current  and 
ILLUMINATION  INTENSITY  in  THIN  FILM  CELLS  Was  noted 
ANO  A METHOD  FOR  TAKING  THIS  JNTO  ACCOUNT  IN 
EFFICIENCY  CALCULATIONS  IS  GIVEN,  (U> 
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DESCRIPTORS:  (*S0LAR  PANELS.  ‘EXTENDABLE  STRUCTURES), 

solar  cells,  power  supplies,  boomsiegujPmenT)  , 

EXPERIMENTAL  DESIGN.  FLIGHT  TESTING,  ENVIRONMENTAL 
TESTS,  RELIABILITY  C U > 

IDENTIFIERS:  *lRSCA(LARGE  RETRACTABLE  SOLAR  CELL 

ARRAY)  <U> 

THE  MAIN  ACTIVITY  ON  THE  LARGE  RETRACTABLE 
SOLAR  CELL  ARRAY  (LRSCA)  pROGkAM  DURING  THE 
THIRD  QUARTERLY  Reporting  PERIOD  CONSISTED  OF  The 
COMPLETION  of  The  ANALYSIS  OF  a MAJORITY  of  the  major 
SUBSYSTEM  components,  start  of  detailed  drawings, 
COMPLETION  of  The  PRELIMINARY  QUALIFICATION  Model 
design  and  TEST  SPECIFICATION,  EMC  GUIDELINES, 

FAILURE  MOOES  and  EFFECTS  ANALYSIS,  MAINTAINABILITY 
AND  RELIABILITY  ANALYSIS,  AS  WELL  AS  COMPLETION  OF 

the  solar  array  test  bed.  detailed  design  reviews 
were  also  held  during  this  period  on  the  solar  array, 

SOLAR  ARRAY  storage  DRUM  ANO  MECHANISM,  AND  ThE 
orientation  LINKAGE  MECHANISM  AND  CONTROL 
ELECTRONICS,  test  and  DEVELOPMENT  ACTIVITY 

consisted  of  test  verification  of  subsystem  elements, 
SUCH  as  The  boom  LENGTH  COMPENSATOR  mechanism,  cell 
and  SUBSTRATE  MATERIAL  processes,  as  WELL  as  the 
PERFORMANCE  of  panel  tension  tests  at  room 
TEMPERATURE.  (AUTHOR)  <U> 
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DESCRIPTORS:  (*SOLAR  CELLS,  *CaOM!UM  COMPOUNDS), 

(•semiconducting  films,  «vapor  plating),  <*solaR  panels, 

ENVIRONMENTAL  TESTS),  TELLURIOeS,  COPPER,  DEGRADATION, 
HUMIDITY,  CADMIUM  SULFIDES,  INFLATABLE  STRUCTURES, 

expanded  plastics,  isocyanate  plastics,  work  functions, 

EPITAXIAL  GROWTH,  SUBSTRATES,  ADHESION,  INTERFACES  C U > 
IDENTIFIERS;  CADMIUM  TELLURIOES  (U> 

WORK  ON  VAPOR-REACTED  THIN-FIlM  CDTE  SOLAR 

cells  is  reported,  development  of  the  basic  fjlm 
growth  processing  and  cell  FABRICATION  IS  SUMMARIZED. 

A GENERAL  DESCRIPTION  of  the  vapor  reaction  process 
FOR  GROWING  THlN  CDTE  FILM  ON  A MOLYBDENUM 
SUBSTRATE,  AS  IT  WAS  USED  AT  T«E  BEGINNING  OF  1967, 

IS  GIVEN.  AMONG  The  major  problems  WORKED  on  were 
WEIGHT  REDUCTION,  ADHERENCE  of  film  TO  SUbSTRaTe, 
ELECTRICAL  CONTACTS,  STABILITY,  and  EFFICIENCY. 

the  Results  of  stability  tests  are  Reported,  and 

MEASUREMENT  OF  EFFICIENCY  AND  FACTORS  AFFECTING  IT 

are  discussed,  a re-examination  of  metal: 
semiconductor  barriers  resulted  in  a successful 
fffort  to  build  gold  schottky  barrier  cells  during 
the  final  four  months  of  the  contract,  film  growth 
PARAMETERS  and  PROCESSING  METHODS  WERE  EXAMINED,  and 
EFFICIENCY  RESULTS  OBTAINED  WITh  GOLD  BARRIER  CELLS 
ARE  REPORTED.  TECHNIQUES  EOR  PRODUCING  AN 
INFLATABLE  ARRAY  OF  THIN-FILM  5 OL  AR  CELLS  W£RE 
STUDIED,  METHODS  EOR  CALCULATING  SHORT  CIRCUIT 
CURRENT  FROM  SPECTRAL  RESPONSE  DATA  AND  FOR 
DETERMINING  AM-I  AND  AM-0  SOLAR  CELL  EFFICIENCIES 

from  measurements  under  tungsten  radiation  are  giveniu) 
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descriptors:  (.Solar  panels,  •extendable  STRUCTURES), 

SOLAR  CELLS.  POWER  SUPPLIES,  BOOMS ( EQU I PMENT | , 
experimental  design,  flight  testing,  environmental 

IDENTIFIERS:  *lRSCA(LARGE  retractable  solar  cell 

array  ) 


(U» 

(U» 


PRESENTED  are  DETAILED  DRAWINGS  DfTHEORiENTaTION 
MECHANISM  in  CORPORATION  OF  REFERENCE  SOLAR  CELL  AND 
SOLAR  CELL  MODULES  OF  8 AND  12-MIL  CELLS  tN  T«E  SOLA 
panel  design,  detail  oRawings  of  the  drum  mechanism 

and  SOLAR  ARRAY,  and  ALL  EL^T^°N^NE'Rsi!TCHEANDL 
DESIGN.  BREADBOARDS  of  the  solar  PA!JEL  ***!£*  0V_R 
charge  current  controller  were  BUILT  and  tested  OVfeR 

ANTICIPATED  ORBITAL  TEMPERATURE  EXTREMES. 
c AUTHOR ) 
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environmental  tests,  electric  motors,  design, 

RELIABILITY,  SPECIFICATIONS,  LAUNCH  VEHICLES,  I NTERF  A ( U ) 

identifiers;  agena,  large  retractable  solar  cell 

ARRAYS  IU) 


the  main  activities  on 

SOLAR  CELL  ARRAY<LRSCA 
fifth  quarterly  report 
completion  of  the  deta 
array,  drum  mechanism, 
<CEU).  CIRCUIT  DESIGN 
POWER  SUPPLY  for  the  E 
BFEN  COMPLETED,  breadb 
INVERTER,  the  lo  KHZ  I 
INSTRUMENTATION  condit 
built  AND  FUNCTIONALLY 


the  large  RETRACTABLE 

> PROGRAM  DURING  THE 
I NG  PERIOD  CONSISTED  OF 
I LEO  ORAWINGS  OF  THE  SOLAR 
and  CONTROL  ELECTRONICS  UNIT 
OF  THE  TWO-PHASE.  MOO  HZ 
XTENSION/RETRACTION  MOTOR  Has 
OaRdG  of  THE  BOOST/aDD 
nverter,  and  the 

I ON  I NG  UNIT  C I C U > HAVE  BEEN 
TESTED,  ( author  ) (u) 
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ARSENIDES),  PHOTOELECTRIC  CELLS ( SEM  I CONDUCTOR ) , 
PHOTOCONDUCTIVITY,  DAMAGE,  RADIATION  EFFECTS,  SPACE 
ENVIRONMENTS,  ALPHA  PARTICLE  DETECTORS,  POLAND  <U> 

IDENTIFIERS:  *PH0T0R£SIST0rS,  TRANSLATIONS  (U> 

a REVIEW  OF  The  STATE  OF  THE  ART  IN  GaLIUm  ARSENIDE 

PHOTOELECTRIC  DEVICES  FOR  RADIATION  DETECTION  AND 

ENERGY  CONVERSION  IS  MADE,  BASED  ON  RECENT  FOREIGN 

PUBLICATIONS.  ThE  CONSTRUCTION,  FABRICATION 

TECHNIQUES  AND  PRO  PERTIES  OF  VARIOUS  KINDS  OF 

photoresistors i photodiodes  and  solgr  cells  made  of 

GAAS  are  DESCRIBED.  (AUTHOR)  (U> 
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DESCRIPTORS;  (#SOLAR  CELLS,  GLASS),  (*GLASS»  DAMAGE), 

hardening,  impregnation,  hydrogen,  protection,  colors, 
COLOR  CENTERS,  (U)COLOR  centers  <u> 

IDENTIFIERS;  RADIATION  HARDENING  iu) 

the  report  summarizes  the  entire  development 

PROGRAM  CONDUCTED  BV  TEM-PRES  RESEARCH/ 

carborundum  which  experimentally  demonstrated  that 
HYDROGEN  IMPREGNATION  will  SIGNIFICANTLY  REDUCE 
DARKENING  OF  SOLAR  CELL  GLASS  COVERS  UNDER  SOLAR, 

nuclear,  and  van  allen  belt  radiation  conditions* 

AND  that  this  TECHNIQUE  Can  Be  PRACTICALLY  APPLIED  to 
HARDENED  solar  CELL  ARRAYS  ON  FUTURE  ORBITAL 
VEHICLES.  (AUTHOR)  (U> 
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DESCRIPTORS;  (*SOLAR  CELLS,  *DamAGE)*  SILICON.  EPITAXIAL 
GROWTH,  FAST  neutrons,  EFFICIENCY,  DEGRADATION, 
(U)OEGRADATION  ,u) 

MULTI-LAYER  silicon  SOLAR  CELLS  OFFER  THE 
POSSIBILITY  of  NUCLEAR  RADIATION  RESISTANCE  greater 
than  that  of  conventional  state-of-art  single 

JUNCTION  SILICON  SOLAR  CELLS.  EPITAXIaLLY- 

fabRicated  specimens  were  prepared  and  studied  for 

THEIR  PERFORMANCE  UNDER  FaST  NEUTRON  IRRADIATION. 
SEVERAL  MULTILAYER  SPECIMENS  PLUS  CONVENTIONAL 
STATE-OF-ART  n/p  SPECIMENS  WERE  EXPOSED  TO  NEaR- 
riSSlON  SPECTRUM  NEUTRONS,  the  AIR  MASS  ZER0  POWER 
CONVERSION  CHARACTERISTICS  WERE  EVALUATED  DURING 
INTERRUPTIONS  IN  THE  BOMBaROMeNt.  EFFICIENCIES  OF 

pre-prototype  uncoated  specimens  WERE  as  high  AS 

6ft,  AND  MONOTONJCALLY  DECREASED  WITH  INCREASES  IN 

fluence.  similar  degradation  was  observed  in  the 
SHORT-CIRCUIT  current  of  the  SPECIMENS*  the 
efficiencies  and  short  circuit  currents  at  all 
fluence  values  were  less  than  expected  ON  The  basis 

OF  COMPUTER  MODELING  STUDIES.  AT  THE  PRESENT  TIME, 

THE  PREMATURE  DEGRADATION  IS  ATTRIBUTED  TO  ARTIFACTS 

IN  the  developmental  cells.  iauthoR)  IU> 
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silicon,  test  methods,  epitaxial  growth,  manufacturing, 

DAMAGE,  RADIATION  EFFECTS,  ELECTRON  IRRADIATION. 
simulation  <u> 

IDENTIFIERS:  ANALOG  SIMULATION,  CARRIER  RECOMBINATION, 

computer  aided  design,  computerized  simulation, 
minority  carriers,  radiation  hardening  <u> 

THE  LOSS  THROUGH  RECOMBINATION  OF  MINORITY  CARRIERS 
generated  DEEP  WITHIN  A silicon  SOLAR  CELL  IS  A 
LIMITATION  on  The  EFFICIENCY  and  radiation  resistance 
or  PRESENT  DEVICES,  in  THIS  WORK  the  authors  have 
explored  the  POTENTIAL  of  MULTI  JUNCTION  SILICON  SOlAR 

cells  prepared  by  diffusion  and  epitaxial  techniques 
for  improved  efficiency  and  radiation  resistance. 
TWO-JUNCTiON  DIFFUSED  CELL  STRUCTURES  WERE  found  To 
OFFER  IMPROVED  PERFORMANCE  FOR  VERY  ThIN  WAFERS » 

I AUTHOR)  <u> 
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DESCRIPTORS:  (*SOLAR  CELLS.  DAMAGE)*  (*SlLlCQN,  SOLAR 

CELLS),  NEUTRONS,  NUCLEAR  E*pLOS|ON  DAMAGE,  MILITARY 
SATELLITES,  NUCLEAR  RAOlATjON,  HARDENING,  DEGRADATION, 

lithium,  doping*  annealing,  temperature*  neutron  FLUX, 
stability,  EFFICIENCY,  TABLES(DATA).  GRAPHICS, 
(U)GRAPHICS 

NINETY-SEVEN  SILICON  SOLAR  CELLS  OF  3 DIFFERENT 
TYPES  WERE  EXPOSED  TO  s DIFFERENT  NEUTRON  FlUeNCE 
LEVELS  BETWEEN  1.72  X 10  TO  THE  ||TH  POWER  AND  2.97  X 
10  TO  The  1 3TH  POWER  NEUTRONS/SQ  CM  11  MEV 
EQUIVALENT)  IN  THE  WHITE  5 ANDS  MISSILE 
RANGE  EAST  BURST  REACTOR  AND  THEN  ALLOWED  TO 
ANNEAL  AT  TEMPERATURES  OF  25,  60  AND  80  C FoR 
APPROXIMATELY  1000  HOURS.  PRE  and  POST-EXPOSURE 
MEASUREMENTS  WERE  TAKEN  TO  DETERMINE  THE  AMOUNT  OF 
DEGRADATION  due  To  NEUTRON  EXPOSURE  AND  the  RATE  AND 

extent  TO  which  The  damage  annealed,  the  three 
types  OF  SPECIMENS  INCLUDED  The  EXPERIMENTAL*  SuPER- 
VIOLET,  SILICON  CELLS  RECENTLY  DEVELOPED  BY  ThE 
COMSAT  LABORATORIES*  ST A TE “OF-ThE - ART  LjTHlUM- 
DOPED  SILICON  CELLS*  AND  EXPERIMENTAL  BARRIER-LAYER, 
LITHIUM-DOPED  SILICON  CELLS.  THIS  REPORT  DOCUMENTS 

the  test  procedures  and  results  of  the  experiment. 

THE  COMSAT  CELLS  HAD  THE  HIGHEST  PRE-EXPOSURE 
EFFICIENCIES  BUT  AFTER  EXPOSURE  THE  LlTHIUM-DoPED 
CELLS  ANNEALED  TO  SIGNIFICANTLY  HIGHER  EFFICIENCIES. 

THE  BARRIER-LAYER  CELLS  HAD  Lo#  INITIAL 

efficiencies  and  were  unstable*  extensive  data 
taken  ON  the  CELLS  IS  ON  FILE  AND  may  be  MADE 
AVAILABLE  for  FURTHER  STL"' ! E S AND  ANALYSES. 

(AUTHOR)  ‘U> 
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satellites,  flight  testing,  test  methods, 

TELEMETERING  data,  temperature,  intensity, 
voltage,  direct  current,  ultrasonic  welding. 

HONEYCOMB  CORES,  BONDING,  ALUMjNUM,  LITHIUM, 

DOPING,  COORDINATES,  transformations,  titanium, 
silver 

IDENTIFIERS:  TRANSIT 

ON  2 SEPTEMBER  1972,  THE  NAVY  LAUNCHED  A 
NAVIGATIONAL  SATELLITE  OF  THE  TRANSIT  SERIES. 

this  satellite,  which  was  called  triad  during  its 

DEVELOPMENT,  has  A RADIOISOTOPE  THERMAL  GENERATOR 

(rtg)  for  its  main  power  source:  however,  it  has  an 
auxiliary  power  source  consisting  of  four 
experimental  hardened  solar  panel  SEGMENTS.  ANOTHER 
ONE  OF  THE  EXPERIMENTS  ON  BOARD  THE  SPACECRAFT  jS  a 
set  OF  Six  SOLAR  CELL  MODULES  DESIGNATED  the 
ENVIRONMENTAL  SURVEY  PANEL  <ESP).  this 
REPORT  WILU  DESCRIBE  THE  PRE-FLIGHT  TESTS  THAT  WERE 

conducted  on  the  solar  power  experiments,  the  results 
of  those  tests,  and  the  flight  data  that  are 
available.  <u) 
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UNCLASSIFIED  REPORT 
SUPPLEMENTARY  note: 

DESCRIPTORS:  »SOlAR  CELLS.  «RADIATI0N  EFFECTS. 

silicon,  lithium,  doping,  electron  irradiation. 

NEUTRONS,  STRONTIUM,  isotopes,  nuclear 

EXPLOSIONS.  SPACECRAFT  components,  real  time  « u > 

LITHIuM-DOPED  SILICON  solar  CELLS  WERE  irradiated 
AT  an  ACCELERATED  REAL-TIME  RaTE,  WITH  A STROnTiUm- 
90  RADIOISOTOPE  SIMULATING  the  TRAPPED  ELECTRON 
ENVIRONMENT,  the  IRRADIATION  WAS  PERFORMED  for  a 
ONE-YEAR  period  in  a SIMULATED  SPACE  ENVIRONMENT* 

three  advanced  types  of  lithium  cells  and  two  types 

OF  CONVENTIONAL  N/P  CELLS  WERE  CONTROLLED  To 
TEMPERATURES  TYPICAL  OF  NORMAL  ORIENTED  solar  array 
SATELLITE  OPERATIONAL  CONDITIONS.  AT  THE  SiX-MONTH 
POINT,  THE  CELLS  WERE  EXPOSED  To  A PULSED  NEUTRON 
ENVIRONMENT  SIMULATING  a nuclear  WEAPON  OETONaTjON. 

THE  EXPERIMENT  WAS  SUCCESSFUL  IN  PROVIDING  HIGH 
QUALITY  data  CHARACTERIZING  The  COMPARATIVE 
PERFORMANCE  OF  SEVERAL  SOLAR  CELL  TYPES.  TH£ 

EXPERIMENTAL  PROGRAM  DEMONSTRATED  the  ADVANTAGES 
OBTAINED  by  USING  RECENT  PRODUCTION  LITHIUM-DOPED 
SOLAR  CELLS  FOR  SPACECRAFT  MISSIONS  requiring  nuclear 
hardening,  the  feasibility  of  designing  and 

PROOUCING  SOLAR  ARRAYS  USING  ALUMINUM  CONTACT 
LITHIUM-DOPED  SOLAR  CEILS  HAS  BEEN  SHOWN  TO  HaV£ 

definite  advantages  fof  arrays  subjected  TO  neutron 

ENVIRONMENTS.  (MODIFIED  author  ABSTRACT)  (U> 
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DESCRIPTORS:  *SOlAR  CELLS,  ‘SPACECRAFT  COMPONENTS* 

silicon,  radiation  resistance,  epitaxial  growth* 
Electron  beams,  ORIENTATIOn(DIrECTION) , 
diffusion  , 

IDENTIFIERS:  DESIGN,  solar  ARRaTS  ( 

DURING  the  FIRST  half  OF  THIS  PROGRAM  To  DEVELOP 
THE  VERTICAL  MULT  I jUNCT I ON  SOLAR  CELL,  NEW  SILICON 

technologies  were  developed  so  that  three  types  of 

2000  JUNCTION  PER  CM  PACKING  DENSITY,  VERTICAL 

multi  junction  solar  cells  can  be  made,  the  new 
TECHNOLOGIES  include:  <1>  LARGE  area  electron 
beam  PATTERN  GENERATION*  (2J  ORIENTATION 
DEPENDENT  ETCHING,  ( 3 ) EPITAXIAL  SILICON  REFILL 
OF  DEEP  GROOVES,  AND  ( 9 ) DIFFUSION  IN  DEEP 
GROOVES.  BASED  UPON  THE  TECHNOLOGY  DEVELOPMENT 
ACHIEVED  AND  THE  PROPOSED  VMJ  CELL  DESIGNS,  TWO 
TYPES  OF  CELLS  WERE  SELECTED  FOR  CONTINUING 

development.  A few  preliminary*  low  efficiency 
cells  were  fabricated,  a small  modeling  effort  was 
ALSO  undervaken  To  answer  specific  questions  relevant 
10  CELL  FABRICATION.  B/SEd  UPON  the  results 
obtained  curing  this  half  of  the  program,  The  vmj 

SOLAR  CELL,  ALTHOUGH  REQUIRING  VERT  ADVANCED 
FABRICATION  TECHNIQUES,  Is  A VIABLE  DEVICE  FOR 
SPACECRAFT  POWER  IN  THE  FUTURE • I AUTHOR » ( 
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identifiers:  photovoltaic  cells.  prospeRo 
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(U> 


I u > 

(U) 


the  experiments  have  demonstrated  the  space 
worthiness  and  radiation  resistance  of  very  thin 
FLEXIBLY-MOUNTED  silicon  CELLS  and  the  superiority  of 
CERI A-STABILIZED  GLASS  OVER  FUSED  SILICON  AS  A 
COVERSLJP  MATERIAL.  THE  ACCURACY  OF  PERFORMANCE 

and  Radiation  damage  predictions  based  on  terrestrial 
measurements  has  been  established,  the  behavior  of 
THE  HEAVILY  PRE- I RRAD I ATED  CELLS  IN  THE  COVERSLIP 
EXPERIMENT  APPEARS  to  CONFIRM  The  RECENTLY  DISCOVERED 
photon  DEGRADATION  EFFECT  in  FLOAT  ZONE  SILICON  OF 
HIGH  DISLOCATION  OENSITY.  BUT  The  EFFECT  is  not 
yet  evident  in  the  thin  cells  which  were  not  pre- 
irradiated*  (u’ 
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supplementary  note: 
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•GLASS,  RADIATION  RESISTANCE,  THERMAL  EXPANSION* 

light  transmission,  fusion<melting)  , silicon  cui 

A PROGRAM  of  INORGANIC  GLASS  DEVELOPMENT  RESULTING 
in  THE  FORMULATION  OF  NUMEROUS  COMPOSITIONS  FOR 
DIRECT  FUSION  Vo  SILICON  SOLAR  CELLS  WAS  CONDUCTED, 

THE  GLASSES  Y»tRE  SEDIMENTED  AS  -200  MESH  PARTICLES 
ONTO  THE  FRONT  SURFACE  OF  THE  SOLAR  CELLS,  THEN 

FUSED,  TO  form  an  integral  cover,  at  temperatures 
ranging  From  510C  TO  &00C  DEPENDING  on  solar  cell 
type  and  GLASS  COMPOSITION,  coatings,  at  least  50 
microns  thick,  were  applied  t0  both  n/p  aluminum 
-CONTACTED  and  SILVER/TITANIUM-CONTACTED  cells* 
ELECTRICAL  CHARACTERIZATION  Of  THE  BARE  AND  COATED 
cells,  before  and  after  ELECTRON  IRRADIATION,  SHOWS 
that  SOME  CELLS  can  be  INTEGRALLY  COVERED  by  THIS 
TECHNIQUE  WITHOUT  DEGRADING  ThEIR  CONVERSION 
EFFICIENCY  BELOW  AN  ACCEPTABLE  LEVEL,  GLASS 
PREPARATION*  COMPOSITIONAL  MODIFICATIONS,  and  The 
EFFECT  OF  THESE  CHANGES  on  FUSION  TEMPERATURE, 

radiation  resistance,  transmission,  and  thermal 

EXPANSION  ARE  DiSCUSSEC.  (U) 
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DESCRIPTORS:  *SOLAR  CELLS,  SILICON,  LITHIUM, 

DOPING,  ACCELERATED  TESTING.  MODELS,  DAMAGE, 
spaceborne.  Radiation  effects,  annealing  iu> 

A TECHNIQUE  WAS  DEVELOPED  FOR  THE  ACCELERATED 

evaluation  of  silicon  solar  cells  to  be  used  in 

extended  SPACE  MISSIONS  DURING  WHICH  WEAPONS 
ENVIRONMENTS  may  ALSO  be  encountered,  STANDARD 
n/p  silicon  cells,  as  well  as  lithium-doped 

SILICON  CELLS,  WERE  USED  AS  TEST  SAMPLES  DURING  THE 
DEVELOPMENT  AND  VERIFICATION  OF  THE  EVALUATION 
METHOD.  The  SoLaR  CELL  DAMAGE  MODEL  DEVELOPED 
REPRESENTS  a SIGNIFICANT  ADVANCEMENT  FOR  PREDICTING 

space  performance  of  solar  cells,  the  model  is 

CAPABLE  of  (1)  ACCOUNTING  FOR  ThE  SHIELDING  OF 
SOLAR  ARRAYS,  (2)  INTEGRATING  OVER  THE  SPACE 
ENVIRONMENT  for  BOTH  PROTONS  aNd  ELECTRONS,  (3) 
CALCULATING  DEFECT  DENSITIES  AS  A FUNCTION  OF 
POSITION  INSIDE  The  solar  cell,  <R)  CALCULATING 
THE  OUTPUT  I - V CHARACTERISTICS  OF  SOLAR  CELLS 
UNDER  a solar  ILLUMINATION  SPECTRUM,  and  (5) 

ACCOUNTING  for  annealing  in  lithium  doped  P/N 

SOLAR  CELLS.  (U> 
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SHADED  SUN  SENSOR  MODELING  FOR  SPACECRAFT 
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supplementary  note: 
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POSITION  finding  <u> 

identifiers:  ‘SOLAR  SENSORS,  SPACECRAFT  CONTROL* 

•satellite  ATTITUDE  CONTROL,  SPACECRAFT  position 
INDICATIONS.  SOLAR  POSITION  <U> 

THE  SUN  SENSOR  USED  IN  THE  3-AXtS  CONTROL  Of  a 

spacecraft  is  modeled,  and  its  effects  on  sun 

ACQUISITION  PERFORMANCE  ARE  DEMONSTRATED.  The 
SENSOR  IS  MADE  UP  of  THE  COMBINED  OUTPUTS  Of  FOUR 
DISCRETE  solar  cells  ELECTRICALLY  CONNECTED  in  a 
manner  to  achieve  the  control  error  signals,  to 
protect  these  cells  from  interfering  reflections  from 

THE  SPACECRAFT  BODY  , A SHADE  SURROUNDING  EACH  CELL  IS 
added,  the  SHADES  PRODUCE  SIGNIFICANT  variations 
IN  SENSOR  OUTPUTS  FROM  THE  UNSHADED  OUTPUTS, 

ACQUISITION  CONTROL  stability  Is  INFLUENCED  by  the 
INTRODUCTION  OF  THE  SHADE,  A SET  THEORETIC 

approach  is  used  to  obtain  a model  of  The  shaded 

sensor  OUTPUT,  T H t S MODEL  IS  INCORPORATED  IN  A 

RIGID  BODY  SPACECRAFT  SIMULATION,  AND  SUN  ACQUISITION 

PERFORMANCE  is  presented.  <u> 
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air  force  spacecraft,  <u> 

JUL  7R  BP  KILLIANiH.  J*  * WADE  » E » « 

W I S E * J * F • SSAMPSON.H.  T.  I 
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DESCRIPTORS;  *SOLAR  CELLS,  *SPaCECRAFT  COMPONENTS. 

WEIGHT,  STaNDAROS.  MILITARY  REQUIREMENTS, 

costs  <u> 

identifiers;  solar  cell  arrats  (u) 

EFFORTS  HAVE  BEEN  in  progress  To  EVALUATE  and  TO 
accomplish  solar  cell  and  array  standardization  for 
air  force  spacecraft,  analysis  results  indicate 

THAT  THE  ARRAY  area  AND  WEIGHT  PENALTIES  that 
typically  WOULD  Be  INVOLVED  in  the  use  of  a standard 
SOLAR  CELL  MODULE  WOULD  BE  LESS  THAN  lO».  ThE 
POTENTIAL  PAYOFF  of  STANDARDIZATION  IS  COST  SAVINGS 
TO  THE  air  force  AND  IMPROVED  Solar  ARRAY 
RELIABILITY.  COST  EXPERIENCE  DATA  from  NASA  ARE 
USED  TO  SHOW  THAT  LARGE  SAVINGS  OVER  A 12-Y£AR  PERIOD 
MIGHT  BE  POSSIBLE,  AN  ATTEMPT  IS  BEING  MADE  TO 
STANDARDIZE  PROCUREMENT  PRACTICES  AT  THE  POWER  SYSTEM 
AND  SOLAR  ARRAY  LEVELS  AND  TO  STANDARDIZE  HARDWARE 
THE  SOLAR  CELL  LEVEL.  THREE  DOCUMENTS  HAVE  BEEN 
PREPARED  AS  PART  OF  THIS  EFFORT;  A MILITARY 
STANDARD  FOR  THE  DESIGN  OF  SPACE  VEHICLES  DC  POWER 
SYSTEMS  (MlL-STD-1539) . A MILITARY 
SPECIFICATION  FOR  SOLAR  ARRAYS  ( M I L -S - X X X X X ) , 

AND  A MILITARY  SPECIFICATION  FOR  SOLAR  CELLS  C M I L - 
C-B3MM3).  !U> 
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ATTITU0E( INCLINATION) , SPACECRAFT  COMPONENTS, 

FLEXIBLE  STRUCTURES,  VIBRATION,  MATHEMATICAL 
MODELS,  SATELLITE  ATTITUDE,  GREAT  BRITAIN  <U> 

IDENTIFIERS:  *S0LAR  cell  ARRAYS*  SPACECRAFT 

control*  control  simulation  * u > 

THE  PAPER  DESCRIBES  THE  DEVELOPMENT  OF  A 
mathematical  model  for  the  attitude  dynamics  of  A 
SPACECRAFT  equipped  WITH  A LIGHTWEIGHT  FLEXIBLE  SOLAR 

array,  the  theory  has  been  developed  using  a 

CONTINUOUS  MECHANICS  APPROACH  and  a computer  PROGRAM 
PREPARED  to  generate  the  LATERAL  BENDING  modes  of  a 
SPACECRAFT  COMPRISING  A RIGID  CENTRAL  STRUCTURE 

carrying  a pair  of  solar  arrays  symmetrically 
situated  about  the  central  body,  furthermore*  THE 
program  will  generate  the  effective  ineftia  and  mass 
as  a FUNCTION  of  the  forcing  FREQUENCY,  these  are 
then  FORMULATED  in  THE  form  of  TRANSFER  FUNCTIONS 
WHICH  ARE  more  CONVENIENT  FOR  CONTROL  PROBLEM 

analysis.  <U> 
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impurities,  semiconductor  junctions,  infrared 
spectra,  near  infrared  radiation,  translations, 
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A low-cost  man-to-man  engagement  simulator  IS 

DESCRIBED  in  THIS  REPORT.  RIFLE  FIRE  IS  SIMULATED 
BV  AN  INJECTION  LASER  TRANSMITTER  EMITTING  lOO  NS 

pulses,  the  essential  components  in  the 
transmitter  are  a triple  gaalas  injection  laser 

STACK  WITH  A 10  W OUTPUT  AT  BlO  NM . AN  SCR 

driving  circuit,  « battery  and  a single  lens  (Focal 

LENGTH  ■ 7.5  CM,  F/2)  FOR  BEAM  COLLIMaTiOn  TO  2 
MRAD.  the  IL  TRANSMITTER  is  MOUNTED  ON  A M-16 
RIFLE  AND  BOReSJGhTED  with  the  rifle  sight,  ’hits* 
are  DETECTED  bY  four  solar  cells  mounted  on  a HELMET, 
covering  a larger  than  hemispherical  field-of-view.  (u> 
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waves,  artificial  satellites,  spacecraft  components, 
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antennas,  scattering,  extremely  high  frequency  iu» 

THE  R C S OF  REPRESENTATIVE  SPACECRAFT  MATERIALS 
AND  COMPONENTS  WAS  MEASURED  at  93  GHZ. 
measurements  of  solar  cells,  thermal  blanket 
MATERIAL,  STRUCTURAL  COMPONENTS,  and  SENSORS  ARE 
included,  these  MEASUREMENTS  INDICATE  The  HIGHLY 
SPECULAR  NATURE  Of  SCATTERING  AT  MILLIMETER 
wavelengths,  the  measurements  generally  agree  with 
results  predicted  on  the  basis  of  common  asymptotic 

FORMULATIONS.  (U) 
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IDENTIFIERS!  ARIEL  3 SATELLITE 

BRITISH  EFFORTS  AND  ACHIEVEMENTS  IN  THE  FIELD  OF 
PHOTOVOLTAIC  SOLAR  ENERGY  CONVERSION  IN  SPACE  OVER 
The  PAST  1 *4  YEARS  aRE  REVIEWED.  THE  SATELLITES 
POWERED  BY  BRITISH  SOLAR  CELLS  ARE  LISTED  AND  THE 
ARIEL  3 ARRAY  IS  OESCRIBED  IN  DETAIL  BY  WAY  OF  AN 
INTRODUCTION  TO  The  subject,  silicon  cells  of 
CONVENTIONAL  THICKNESS  HAVE  BEEN  DEVELOPED  TO  A 
CONVERSION  EFFICIENCY  EXCEEOlNG  ll.SS  AND  THIN 
cells  with  a superior  poweR-to-we ight  Ratio  have  been 
developed  and  manufactured  in  pilot  production. 

OTHER  ACHIEVEMENTS  are  a cheaper  and  better  type  of 
GLASS  COVeRSliP.  AN  ULTRA-THIN  INTEGRAL  GLASS  COATING 

and  lightweight  flexible  cadmium  sulfide  cells,  in 
ANTICIPATION  of  future  MUlTIKiLOWATT  power 
REQUIREMENTS,  a PROTOTYPE  LIGHTWEIGHT  deployable 
array  EMBODYING  ADVANCED  CONCEPTS  has  been  built  and 
qualified  for  prolonged  operation  in  the 
geostationary  orbit.  <u> 
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GLOBE-UNION  INC  EL  MONTE  CALIF  CCNTRALAB  SEMICONDUCTOR 
01  V 

hardened  violet  response  silicon  SOLAR 

CELL  FOR  SATELLITE  APPLICATION*  (U> 

DESCRIPTIVE  NOTE!  FINAL  REpT.  jUn  7i-APR  7Si 
MAY  75  50P  ILfS.P,  A.  : 

contract:  F336 1 5-73-C-2073 
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task:  3 l 95 1 9 

monitor:  afapl  TR-75-20 

UNCLASSIFIED  report 


DESCRIPTORS:  *SOlAR  CELLS,  *SIlIC0N,  SPACECRAFT 

components,  Radiation  hardening*  performance  tests, 
radiation  effects,  electrical  resistivity, 
aluminum  c u > 

IDENTIFIERS:  ‘SPACECRAFT  POWER  SUPPLIES  ( u I 

THIS  CONTRACT  INVOLVEO  DEVELOPMENT  OF  FURTHER 

hardened  versions  of  violet  response  solar  cells*  by 
adding  ALUMINUM  contacts,  and  BY  TESTING  THE  effects 
OF  HIGHER  RESISTIVITY  SILICON,  THE  CONVENTIONAL 
VIOLET  CELLS  IMPROVED  STEADILY  IN  OUTPUT  OURING  THE 
CONTRACT  (70-79  Mw  2X2  CM)  THERE  WERE 

DIFFICULTIES  IN  APPLYING  SUITABLE  FINE  LINE  ALUMINUM 
CONTACTS  TO  The  SHALLOW  OiFFUsED  front  surface  of  the 
cell,  the  best  violet  cells  with  aluminum  contacts 
WERE  about  10*  LOWER  in  OUTPUT  THAN  THE  USUaL 
VIOLET  CELLS,  RaDIaTION  TESTS  SHOWED  THaT  LOW 
RESISTIVITY  (1-3  OHM-CM)  SILICON  STILL  GAVE  BEST 
OVERALL  CELL  PERFORMANCE.  LIMBED  ENVIRONMENTAL 

tests  showed  that  the  performance  of  violet  cells  WAS 
SATISFACTORY,  more  INTENSIVE  STUDY  of  The  overall 
contact  PROPERTIES  is  SUGGESTED,  VIOLET  CELLS  WITH 
BOTH  CONVENTIONAL  AN0  ALUmINUm  CONTACTS,  aNO  COVERING 
A DECADE  of  bulk  RESISTIVITY  values,  WERE  OELIVeRED 
FOR  EVALUATION*  AND  FOR  ASSOCIATED  TESTS.  (U> 


a 


a 


■? 

<* 


i 


3 


i 


a 

l-S 


id 

1 

■y 

j 


1 98 

UNCLASSIFIED 


/Z0M07 


UNCLASSIFIED 

DOC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  /ZOM07 

AO-AOtS  3BO  20/12  11/6  lt/M  10/2 

BRORN  UNIV  PROVIDENCE  r i 

ANNUAL  TECHNICAL  REPORT,  materials  RESEARCH 
LABORATORY.  JULY  |,  1973-jUNE  30.  I ^7  H • <U> 

JUN  7m  I 27P 

unclassified  REPORV 

SUPPLEMENTARY  note:  sponsored  in  PART  by  NATIONAL 

SCIENCE  FOUNDATION,  RASHJNgTON,  D.C.  SEE  ALSO 
AD-783  6MB » 

DESCRIPTORS:  •SCIENTIFIC  RESEARCH,  •MATERIALS, 

plastic  deformation,  dislocations,  lasers,  solar 
lells,  fracture<mechanks>  , STRESS  STRAIN 
RELATIONS,  STRESS  CORROSION,  CREEP,  METALS, 

CRACK  PROPAGATION,  FINITE  ELEMENT  ANALYSIS, 

COMPOSITE  MATERIALS,  SEMICONDUCTORS.  GLASS, 

fluorides,  nuclear  magnetic  resonance  tu> 

contents:  microscopic  and  macroscopic  dynamic 
plasticity:  fracture  of  solids:  inorganic 
glasses;  chemisorption  on  metallic  surfaces: 

CHALCOGENIDE  MATERIALS:  alloy  DESIGN  and 

SYNTHESIS  OF  mICROSTRUCTURES  FOR  SPECIFIC  PROPERTIES; 

PLASMAS  in  SOLIDS;  LOR  TEMPERATURE  PROPERTIES  of 

materials:  pseuoo-one-oimensional  conductors: 

GENERAL  STUDIES  OF  MECHANICAL  PROPERTIES; 

MATERIALS  for  Solar  CELLS;  OPTICAL  PROPERTIES; 

MAGNETIC  PROPERTIES.  ( u I 
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simulation  physics  inc  Burlington  mass 

stress  free  APPLICATION  of  glass  covers  for 
RADIATION  HARDENED  SOLAR  CELLS  AND 

ARRAYS*  IU> 

DESCRIPTIVE  NOTE • INTERIM  rEPT,  JAN  7H-JUN  75* 

JUN  7 S H 2P  KIrKPATRIC<iALLEN  R.  5 

MINNUCCI , JOHN  A.  J 
contract:  F33&I5-7H-C-2001 
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descriptors:  *solar  cells*  ^protective  coatings* 

•GLASS,  RADIATION  EFFECTS*  HUMjOlTY, 

temperature,  thermal  cycling  tests,  vacuum 
ultraviolet  radiation,  proton  bombardment.  Electron 
irradiation,  radiation  hardening,  bonding, 
spacecraft  components  < u > 

IDENTIFIERS:  ‘SILICON  solar  CELLS,  BORoSILICaTE 

glass  <u> 

THIS  REPORT  DESCRIBES  The  FIRST  SIXTEEN  MONTHS  OF  A 
TWO  AND  One  half  YEAR  PROGRAM  TO  DEVELOP  A PRACTICAL 
INTEGRAL  PROTECTIVE  COVER  FOR  SILICON  SOLAR  CELLS. 

the  Report  discusses  selection  of  corning  7o7o 
BOROSiUCaTE  glass  as  an  OPTIMUM  cover  material  and 
explains  the  mechanics  of  the  electrostatic  field- 
assisted  BONDING  process  used  FOR  COVER  application, 
excellent  results  have  been  achieved  for  most  solar 
cell  types*  UNDER  ENVIRONMENTAL  EVALUATIONS  and 
ELECTRON  and  PROTON  IRRADIATION  TESTS  INTEGRALLY 

covered  cells  exhibit  performance  statistically  at 
least  equal  TO  that  OF  CELLS  WITH  CONVENTIONAL  GLUED 
COVERS*  IU> 
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HUSHES  AIRCRAFT  Co  El  SEGuNDO  calif  space  and 

communications  group 


reverse  current  blocking  diodes  for 
flexible  solar  array  protection. 

DESCRIPTIVE  note!  final  REPT.  2 APR  73-lH  MAR  7S, 
APR  75  2H7P  LEvY.E.  , JR • I MCGRATH . R • 

J.  • 
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DESCRIPTORS;  »SOLAR  PANELS,  *SoLaR  CELLS, 
•SEMICONDUCTOR  DIODES,  *PROTECTIVE  EQUIPMENT, 
FLEXIBLE  STRUCTURES.  SEMICONDUCTORS.  SILICON, 

voltage,  direct  current,  leakage (electrical > . 

MIRRORS.  IONIZING  RADIATION 

IDENTIFIERS:  *blocking  diodes,  reverse  current, 

MESA  STRUCTURES 


(U> 


(U> 

<u> 


A UNIQUE  SOLAR  CELL  BLOCKING  DIODE  FOR  USE 
ON  SOLAR  PANELS  is  DESCRIBED.  The  DEVICE  HAS  THE 
PHYSICAL  CHARACTERISTICS  of  a SOLAR  CELL  aNd  THE 
ELECTRICAL  PROPERTIED  OF  CONVENTIONAL  DIODES 
CURRENTLY  USED  FOR  SOLAR  ARRAY  REVERSE  CURRENT 
ISOLATION  AND  PROTECTION.  THIS  COMBINATION  OF 

physical  characteristics  and  electrical  properties 

PERMITS  MOUNTING  OF  THE  DlODE  ON  THE  PANEL  SURFACE  IN 

series  with  solar  cells,  and  is  particularly  useful 
eor  FLEXIBLE  rollup  solar  arrays,  the  diode 
JUNCTION  is  DIFFUSED  into  A l x 2 CM,  8 MIL  THICK, 

p-doped  silicon  blank,  nominal  inverse  voltage 

STANDOFF  CHARACTERISTICS  of  190  VOLTS  at  I MA 
LEAKAGE  have  been  ACHIEVED  WITH  20  OHM-CM  BASE 
RESISTIVITY,  b MICROMETER  DIFFUSED  JUNCTIONS,  and 
HEAVY  SILICON  MONOXIDE  LAYERS  FOR  SURFACE 
PASSIVATION.  TYPICAL  FORWARD  VOLTAGE  DROP  AT  0*3/ 

3.0  AMPERES  ARE  OF  THE  ORDER  OF  0.8/1. 2 VOLTS. 
CONVENTIONAL  DIODES  EXHIBIT  NOMINAL  INVERSE  VOLTAGE 
STANDOFF  CHARACTERISTICS  OF  100  VOLTS  AT  25 
MICROAMPERES  LEAKAGE,  ano  typical  FORWARD  voltage 
orop  of  o, 8/i.o  volt  at  o, 3/3.0  amperes. 

(AUTHOR)  <U> 
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AEROSPACE  CORP  EL  SEGUNOO  CALfF  GUIDANCE  AND  CONTROL 
01  V 

A GENERAL  approach  to  the  shaded  sun 

sensor  mooeling  problem  with  an  application 

to  The  FLTSATCOm  shaded  sun  sensors.  t u > 
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DESCRIPTORS:  *satellite  attitude.  «SOLaR  CELLS, 

spacecraft  components,  position  finding. 

MATHEMATICAL  models,  computerized  SIMULATION  (U> 

IDENTIFIERS:  SHADES,  SOLAR  SENSORS,  SPACECRAFT 

control,  satellite  attitude  control,  spacecraft 

POSITION  INDICATORS,  SOLAR  POSITION  <U> 

sun  sensors  are  widely  used  in  space  vehicles  for 
SUN  ACQUISITION  or  DETERMINATION  of  body  ATTITUDE 
RELATIVE  TO  ThE  SUN.  IN  ORDER  TO  ALLEVIATE 
UNDESIRABLE  REFLECTIONS  From  THE  VARIOUS  PARTS  OF  THE 
VEHICLE,  SHADES  are  OFTEN  INTRODUCED  about  the  sun 
SENSITIVE  DEVICE.  THE  ADDED  NoNLINEARlTY  IN  ThE 
attitude  CONTROL  SYSTEM  DUE  TO  THE  EFFECT  OF  SHADING 
alters  the  STABILITY  MARGIN  and  DEGRADES  the 
ANALYTICAL  RESULTS  OBTAINED  FROM  THE  LINEARIZED 
APPROACH.  A GENERAL  APPROACH  is  PRESENTED  In  this 
PAPER  on  THE  MODELING  of  SHADED  SUN  SENSORS,  the 

approach  applies  to  shading  wall  geometry  and  solar 
cells  whose  boundaries  can  be  described  or 

APPROXIMATED  by  a PIECEWISE  LINEAR  RELATION,  THE 
OUTPUT  OF  THE  CELL.  WHICH  DEPENDS  ON  THE  SUN  ANGLE 

and  the  shade  dimensions,  is  a function  of  the 
INTERSECTION  of  the  shade  pattern  *;th  the  cell  area, 
having  defined  the  SHAOE  STRUCTURE  by  VECTORS  FIXED 
in  the  sensor. s coordinate  frame,  the  shade 

CONTRIBUTION  DUE  TO  EACH  PARTITIONED  SHADE  STRUCTURE 
IS  CALCULATED  SEQUENTIALLY  SO  THAT  IT  Is  NOT 

necessary  to  define  an  integral  shade  pattern  and 

various  BOUNDARY  CONDITIONS.  <u> 
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N A V A i.  WEAPONS  CENTER  CHINA  LAKE  CALIF 

EVALUATION  OF  SOME  thionine  REDOX  systems 
AS  POTENTIAL  REGENERATIVE  PHOTOgALVANK 

batteries,  < u > 

FEB  7&  2SP  FINE. DwlGHT  A.  JFLETcHER, 

AARON  N.  { 

REPT.  NO.  NWC-TP-58I3 
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DESCRIPTORS:  ‘ELECTROCHEMISTRY,  •photoelectricity • 

•DYES,  ‘SOLAR  CELLS,  ‘E Th YL ENEO I N I T R I L 0 

tetraacetates,  performance  tests,  sulfur 
HETEROCYCLIC  COMPOunOS,  NITROGEN  heterocyclic 
compounds,  energy  conversion,  oxidation  reduction 

REACTIONS,  ELECTRODES,  COBaLT  COMPOUNDS. 
electrolytes,  ph  factor, 

CONCENTRATIONICHEMJSTRYI  cu) 

IDENTIFIERS;  ‘PHENAZATH I ON  I UM/O I AMINO-SUlFiDE , 
‘PHOTOGALVANIC  CELLS  ( U > 

this  report  summarizes  preliminary  investigations 
ON  PHOTOELECTRlCAL  SYSTEMS  INyOjyjNG  THIONINE  DyE  AND 
INORGANIC  REDUCING  AGE*'*;  these  SYSTEMS  offer 
POTENTIAL  FOR  USE  AS  Pt- 0 T 0G  AL  V AN  I C CELLS  IN  SOLaR 
energy  conversion,  the  report  stresses  the 

THIONINE-COBALTI I I {ETHYLENE -DIAMINE  TETRAACETATE 
(EDTAI  SYSTEM,  WHICH  has  yielded  VOLTAGES  and 
CURRENTS  COMPARABLE  TO  AND  IN  SOME  CASES  EXCEEDING 

those  which  have  been  reported  for  the  thionine- 

FE(2‘)  SYSTEM,  measurements  on  the  THJOnInE- 

COEDT A ( 2- ) SYSTEM  HAVE  BEEN  CaRRIEC  OUT  USING 

TWO  TYPES  OF  TRANSPARENT  ELECTRODE.  TIN  DIOXIDE  AND 

GOLD/PALLAO JUM.  EFFECTS  OF  CONCENTRATION  aNd  AGING 

ON  VOLTAGES  ARE  REPORTED  HERE,  AS  WELL  AS  RESULTS  OF 

CLOSED-CIRCUIT  MEASUREMENTS  UNDER  LOAD*  <U» 
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JOHNS  HOPkINS  UNIV  LaUREL  MO  ApPL I ED  PHYSICS  LAB 

SPUTIeR  Ion  MASS  SPECTROMETER  analysis  of 
COPPER  SUlE  ide/caomium  sulfide  solar  cell 

SAMPLES.  <U> 

DESCRIPTIVE  NOTES  technical  memo., 

OCT  75  S5P  SATKIEWtCZ.F.  (,•  ! C*  ARLES . 

H . K . . JR  I 

REPT.  NO.  APL/ jHU-TG- 1 281 
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unclassified  REPORT 


DESCRIPTORS:  • SOL  AR  CELLS,  -PHQT  OVOLT  A I C EFFECT. 

COPPER  COMPOUnoS,  CaDMjUm  SULFfDES,  performance 
tests,  mass  spectrometry,  atomic  spectra,  chemical 
ANALYSIS,  ions,  HETEROJUNCTIONS.  SPUTTfRJNG  (U> 

IDENTIFIERS:  -cadmium  SULFIDE  s°LAR  CELLS, 

•sputter  ion  source  mass  spectrometry,  design 
criteria,  sims  technique  iu> 

THE  CAPABILITIES  OF  THE  APPLIED  PHYSICS 
LABORATORY  Include  Solar  SIMULATORS  and  CONTROL 
CELL  STANDARDS  FOR  PROPER  TESTING  AND  EVALUATION  OF 
SOLAR  CELL  PERFORMANCE.  CONTROLLED  TEMPERATURE  AND 

atmosphere  furnaces  to  study  the  effects  of  ambient 

gases  (SURFACE  EFeeCTSI  AND  IMPURITY  DIFFUSION 
(JUNCTION  EFFECTS),  AND  A SPUTTER  ION  SOURCE  MASS 

spectrometer  (Sims)  that  can  provide  both  ionjc  and 

POLYATOMIC  SPECIES  VERSUS  DEPTH  PROFILES  FOR  THE 
CU2S/CDS  SAMPLES.  ANALYSIS  OF  SURFACE 

SPECIES  BEFORE  ANq  AFTER  AMBIENT  EXPOSURE  M a Y LEAD  TO 

the  development  of  effective  surface  coatings. 

PROFILE  data  through  THE  JUNCTION  REGION  may  aid  in 
the  study  OF  impurity  DIFFUSION,  which  is  believed  to 
BE  a CHIEF  SOURCE  OF  TENPFRATuRE  DEGRADATION  JN  THE 
CU2S/CDS  SYSTEM,  AN  EXPLORATORY  STUDY  «AS 

conducted  to  determine  the  feasibility  of  the  sims 

TECHNIQUE.  THIS  REPORT  SUmMARjZES  ITS 

RESULTS.  (U) 
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JOHNS  HOPKINS  UN  IV  LAUREL  HD  ApPL  I ED  PHYSICS  LAB 

SAS-C  solar  array  deployment 

DYNAMICS.  ( U > 

OESCRlRTlVE  NOTE:  TECHNICAL  M£m0., 

AUG  75  67P  WILLIAMS, C.  E.  i 

REPT.  NO.  APL/JHU/TG-I281 
CONTRACT?  n00017-72-C-*1H01 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  »solar  PANELS,  ^EQUATIONS  Of  MOTION, 

•COMPUTERIZED  SIMULATION.  NONLINEAR  SYSTEMS. 

DIGITAL  COMPUTERS.  DEPLOYMENT,  CONFIGURATIONS. 

planar  structure,  vacuum  chambers,  experimental 

data.  SPACECRAFT,  sPINNJNG<MOtiOn)  , DIGITAL 
simulation  <u> 

IDENTIFIERS:  *SOLAR  ARRAYS,  UNFOLDING  ARRAY, 

DEPLOYMENT  DYNAMICS,  SPACECRAFT  DESPIN,  DESPjN  (U> 

SAS-C  has  four  SEGMENTED  SOLAR  ARRAYS,  EACH 

consisting  of  Three  contiguous,  spring-connected 
solar  panels,  array  deployment  involves  unfolding 
from  an  INVERTED  • N * CONFIGURATION  to  an  extended 
PLANAR  CONFIGURATION,  the  deployment  dynamics  of 
this  type  of  mechanical  system  ARE  SUCH  that  the 
possibility  of  damage  to  any  one  OF  The  FOUR  SOLAR 
ARRAYS,  BECAUSE  of  UNDESIRABLE  DEPLOYMENT  dynamics, 

IS  QUITE  SIGNIFICANT.  MINIMIZING  this  POSSIBILITY 
has  been  the  OBJECTIVE  of  an  ANALYTICAL  and 
EXPERIMENTAL  INVESTIGATION,  in  the  ANALYTICAL 

investigation,  digital  computer  simulations  were  used 
to  examine  many  aspects  OF  the  DEPLOYMENT  Dynamics, 
the  simulations  resulted  in  a set  of  array  spring 
and  Mass  parameters  THAT  MINIMIZE  DEPLOYMENT  damage 
POTENTIAL.  EXPERIMENTAL  investigations  consisted  of 
SPACECRAFT  DESPIN  A*  ARRAY  DEPLOYMENT  IN  a VACUUM 

CHAMBFR.  the  report  presents  ANALYTIC  and 
EXPERIMENTAL  RESULTS,  acceptable  AGREEMENT  was 
OBTAINED  BETWEEN  THE  VACUUM  test  data  and  The  digital 
SIMULATION,  all  of  the  results  indicate  that  the 
EXPECTED  DEPLOYMENT  DYNAMICS  are  ACCEPTABLE  For 
FLIGHT.  f u ) 
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texas  Instruments  inc  Dallas  semiconductor  group 

development  of  vertical  mult i junct ion  solar 

CELLS  FOR  SPACECRAFT  PRIMARY  PORER » VOLUME 


DESCRIPTIVE  NOTE!  FINAL  REPT.  jUN  7^-JUN  7S» 

NOV  75  5hP  LLOYD, R»  R.  iYEAKLEY, 

richard  ifulleR .Clyde  imalone .Farris  t 
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task:  3 i r s i r 

monitor:  AFAPL  TR-7R-RS-VOL-2 

unclassified  report 

SUPPLEMENTARY  note : SEE  also  REPORT  dated  jUN  7 R i AD- 

A 00  I OflR. 

DESCRIPTORS:  *solar  cells,  SPACECRAFT,  PORER 

supplies,  spaceBorne.  radiation  hardening,  long 
RAVELENGTHS,  response 

identifiers:  -vertical  mult i junct i un  solar  cells , 

SOLAR  arrays 

based  on  THE  types  Of  VERTICAL  MULTI  JUNCTION  cells 
DEVELOPED  in  the  first  half  of  this  contract 
(REPORT  no.  AFAPL-TR-7R-RS > , THE  0PEN- 
6R00VE  type  CONFIGURATION  ras  selfcted  since  early 
characterization  results  shored  the  predicted 
IMPROVEMENTS  IN  LONG-RAVE  response  and  TOLERANCE  to 
ELECTRON  bOMBaROMenT.  IN  ADDITION,  a PROCESS  ras 
DEVELOPED  that  converts  The  SURFACE  Of  This  cell  into 
an  EFFECTIVE  black  body,  rhich  also  has  the  POTENTIAL 
OF  REDUCING  ThE  a r F A OF  The  collecting  junction, 
cells  Made  using  THE  BLACk-SURFaCE,  open-groove 

STRUCTURE  HAVE  DEMONSTRATED  THAT  THE  SHORT  CIRCUIT 
CURRENT  has  dropped  ONLY  | 38  AFTER  EXPOSURE  TO  10 
TO  THE  1 6 T H PORER,  MEV  ELECTRONS!  THE  BLUE 
RESPONSE  IS  NOT  LIMITED  BY  THE  DEEP  GROOVES;  THE 
LONG-RAVE  RESPONSE  CAN  BE  30  S higher  than  For  a 
conventional  (Ell:  actual  efficiencies  of  9*  have 
been  obtained,  rith  a clear  potential  cf  reaching 
IRS*  together  RITh  THE  SIGNIFICANTLY  SIMPLIFIED 
PROCESSES  DEVELOPED  FOR  ThE  FABRICATION  OF  THE  CELLS, 
THESE  RESULTS  ShOR  ThaT  ThE  VERTICAL 
MULT  I JUNCT I on  CELL  IS  A VIABLE  DEVICF  FOR 
SPACECRAFT  PORER.  (AUTHOR)  <U> 
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DDC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  /20H07 

AD-A02S  922  10/3 

SPECTROLAB  INC  SYlMAR  CALIF 

LOR  REFLECTIVITY  SOLAR  CELLS.  <U> 

DESCRIPTIVE  NOTE*  FINAL  REPt.  3l  MAY  7m-«4  JAN  76, 

JAN  76  83P  STELLA, PAUL  UVERY, JAMES  5 

5C0TT-M0NCK * JOHN  J 
REPT.  NO*  38O-H68AF 
CONTRACTS  F 3 36 1 5- 7 H -C - 208 8 
PRO J S AF-3|R5 
task:  3 1 H5 I 9 

MONITOR:  AFAPL  TR-7S-98 

unclassified  report 


descriptors:  *solar  cells,  **nt ireflect Ion  coatings, 

reflectivity,  reflection,  reflectance,  etching, 
silicon,  quartz,  sodium,  potassium  COMPOUNDS, 

HYDROXIDES  <u> 

IDENTIFIERS:  'SILICON  solar  CELLS,  SOLAR  energy 

conversion,  Photovoltaic  conversion  <u> 

TECHNIQUES  for  BOTH  REOUClNG  aNO  CHANGING  SPECULAR 
REFLECTANCE  from  SILICON  solar  cell  ASSEMBLIES 
(CELL  AND  COVER)  WERE  DEVELOPED.  MECHANICAL 
AND  CHEMICAL  TREATMENTS  OF  QUaRTZ  CELL  COVERS  YIELDED 
SURFACES  THAT  ACTED  LIFE  NEARLY  PERFECT  DIFFUSERS  OF 
INCOMING  VISIBLE  RADIATION,  a FOUR  order  of 
MAGNITUDE  REDUCTION  IN  SPECULAR  REFLECTIVITY  was 
achieved  in  THIS  MANNER.  SELECTIVE  ETCHES  and 
MULTIPLE  ant i REFLECT  I on  <aR>  coatings  *ere  used  to 
REDUCE  THE  TOTAL  REFLECTION  FROM  THE  CELL.  ETcH£S 

such  as  sodium  and  potassium  hydroxide  reduced  the 
total  reflection  over  the  ENTIRE  silicon  cell 

SPECTRUM  (350-1100  NM)  TO  B E L 0#  ONE  PERCENT,  WITH 
A CORRESPONDING  INCREASE  in  OUTPUT  CURRENT  of  NEARLY 
EIGHT  PERCENT  OVER  CONVENTIONALLY  PREPARED  SURFACES. 
some  DEGRADATION  IN  FILL  FACTOR  WAS  OBSERVED  WITH 
THE  ETCHED  SURFACE  SO  THAT  THE  CURRENT  INCREASE  AT 
THE  LOAD  VOLTAGE  WAS  SOMEWHAT  LESS  THAN  AT  SHORT 
CIRCUIT,  I U > 
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DOC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  /ZQM07 
AD-A02S  923  10/3 

AIR  FORCE  AERO  PROPULSION  LAB  WR J G H T - p A T T E RSOn  AFB 
OHIO 

SOLAR  CELL  OBSERVABLES  REDUCTION 
TECHNIQUES. 

DESCRIPTIVE  NO  T E I FINAL  REPT.  SEP  7^-OcT  7s, 

ApR  H H6P  GE I 5 » JACK  W.  I 

REPT.  NO*  AFAPl-TR-76- 1 3 
PROj:  aF-3|R5 

task:  3 I M 5 i 9 


UNCLASSIFIED  report 


DESCRIPTORS;  *SOLAR  C EL  L 5 , ANT i R£FLEC T i ON  COaTiNgS, 
REFLECTANCE.  OPTICAL  PROPERTIES.  ELECTRICAL 
properties,  Reflection  ( 

an  in-house  study  of  the  optical  and  electrical 
properties  of  solar  cells  has  Revealed  that  it  is 
POSSIBLE  to  REDUCE  the  SPFCULaR  COMPONENT  of 
reflected  light  Intensity  by  about  three  to  four 
orders  OF  MAGNITUDE  Through  PROPER  TREATMENT  OF  The 
CELL  SURFACE,  ELECTRICAL  CONTACTS,  A ND  The 
COVERGLASS.  The  study  REVEALED  THAT  cell 
coverglasses  mechanically  and  chemically  treated  to 
PRODUCE  A ROUGHENED  SURFACE  #ILL  MULTIPLY  REFLECT  AND 
DISPERSE  INCIDENT  LIGHT  CAUSING  A SIGNIFICANT 
REDUCTION  IN  REFLECTED  LIGHT  INTENSITY.  i 
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DOC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  /ZOM07 

AD-A025  978  17/2.1  lO/2 

YUMA  PROVING  GROUND  ARI2 

REMOTE  portable  solar  powered  M | CRORA VE 

system.  <U> 


7 A IOP  BOTTONE . ANTHONY  G . i 

unclassified  report 


DESCRIPTORS:  «OATA  links,  • R A o i o links,  .remote 

terminals.  *sol ar  cells,  photovoltaic  effect, 
oiscone  antennas,  television  transmitters,  data 
rate.  RANGE(DISTANCE)  . VIDEO  SIGNALS,  VOICF 
COMMUNICATIONS,  telemetering  DaTa,  radio 
TRANSMITTERS,  test  methods  1U> 

during  THE  PROCESS  OF  TESTING,  DEVELOPMENT.  AND 
EVALUATION  OF  army  material,  oata  IS  OFTEN  REQUIRED 
OR  DESIRED  TO  be  TRANSMITTED  FROM  REMOTE,  isolated  or 
rugged  LOCATIONS.  PRESENT  DAY  METHODOLOGY 
regarding  communications  support  of  these  remote 

TESTS  AND  EVALUATION  IS  LIMITED  IN  FLE*IBlL|TY, 
MOBILITY,  BANDWIDTH,  AND  APPLICATION.  IN  ADDITION, 

THIS  PRESENT  OAY  METhOOOLOGY  INVOLVES  RELIANCE  ON 
firm-fixed  or  GENERATOR  power  and  PRESENTS  a DRAWBACK 
OF  not  BEING  able  TO  OPERATE  IN  REAL-TIME  MODES  That 
are  ESSENTIAL  In  SUPPORT  OF  SOME  MISSIONS  OF  THE 
DEPARTMENT  OF  The  ARMY.  To  SOLVE  THE  PROBLEMS 
MENTIONED  ABOVE,  A COMPARATIVELY  INEXPENSIVE,  HIGHLY 
RELIABLE,  SELF  CONTAINED  and  SIMPLE  SOLUTION  HAS  BEEN 
DEVISED  AND  SUCCESSFULLY  TESTED.  A HIGHLY  EFFICIENT 

micronave  transmitter  that  operates  from  lor  voltage 

O.c.  POWER  has  BEEN  coupled  with  A PHOTOVOLTAIC 
SOLAR  ACTlVATEO  PORER  SOURCE  IARRAY  OF  SOLAR 
CELLS).  THIS  COMBINATION,  using  A MINIATURE  8 oz. 
OMNIDIRECTIONAL  DISCONE  ANTENNA,  TRANSMITTED  A S2S 

line  television  presentation  of  a mission  test  in 
real  time,  over  a distancf  of  several  miles,  the 
PORTABLE  solar  powered  terminal  TOOK  APPROX jMaTELY  15 
MINUTES  Set  up  TIME,  and  OPERaTfD  SUCCESSFULLY  for 
THE  DURATION  OF  The  TEST.  C U > 
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DOC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  /ZOM07 

AD-A030  529  1 0/ 1 

naval  RESEARCH  lab  WASHINGTON  D C 

N A V T APPLICATIONS  FOR  TERRESTRIAL 
photovoltaic  s°lar  POWER. 

DESCRIPTIVE  NOTE • INTERIM  REPT,* 

SEP  74  39P  STaTLERiR.  L»  |HUBlER,6* 

K,  IGUENZERiC.  S.  {FARAOAYiB.  J.  I 
REPT.  no.  NRL-mR-3343 
PROj:  nRL-HOI-55,  RR012-Q& 

TASK!  RR0I2-0A-RI 

UNCLASSIFIED  REPORT 


DESCRIPTORS;  ‘ENERGY  CONVERSION*  ‘PHOTOVOLTAIC 
EFFECT,  ‘SOLAR  ENERGY,  ‘SOLAR  CELLS,  SOLAR 

Radiation,  electric  power,  cost  effectiveness, 

NAVIGATIONAL  AlOS,  COMMUNICATION  EQUIPMENT, 
SURVEILLANCE 

THE  U.s,  ARMY  MOBILITY  EQUIPMENT 
RESEARCH  and  DEVELOPMENT  CENTER  (MER0C>, 
fort  bELVOIR  has  BEEN  TASKED  B*  THE  ASSISTANT 
SECRETARY  OF  DEFENSE  (INSTALLATIONS  AND 
LOGISTICS!  WITH  ENERGY  RESEARCH  AND 
development  administration  (ERDA)  funds  TO 
PREPARE  A DEPARTMENT  OF  DEFENSE  PROPOSAL  FOR 
INSTALLING  TERRESTRIAL  SOLAR  PHOTOVOLTAIC  POWER  IN 
DOD  OPERATIONAL  SYSTEMS.  THIS  REPORT  DESCRIBES 
A SURVEY  MADE  By  THE  RADIATION  EFFECTS  BRANCH 
OF  THE  RADIATION  TECHNOLOGY  DIVISION  TO 

identify  specific  terrestrial  solar  photovoltaic 

POWER  APPLICATIONS  APPROPRIATE  TO  DOD  OPERATIONAL 
SYSTEMS  And  FACILITIES. 
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A 0 - A 0 3 0 532  10/2  22/2  20/6 

aerospace  corp  el  segundo  calif  CHEMISTRY  AND  PHTSICS 

LAB 

COMSAT  NONREFLECTl VE  SOLAR  CELL 

EVALUATION.  (U) 

DESCRIPTIVE  NOTE!  INTERIM  REPT,» 

aug  7 6 up  joslin, david  e.  i 

REPT.  NO.  TR-0076UI  1 I >-7 
CONTRACT?  F0H70I-75-C-0076 
MONITOR:  SaMSO  TR-74-189 

unclassified  report 


DESCRIPTORS:  *S0LAR  CELLS,  ^COMMUNICATION 

satellites,  eradiation  hardening,  antireflection 
coatings,  efficiency,  silicon,  colors, 

ELECTRICAL  RESISTANCE,  short  CIRCUITS  lu) 

IDENTIFIERS;  NONREFLECT I VE  CELLS,  SPECTRAL 
RESPONSE,  CAPTURE  EFFICIENCY*  violet, 
interference  filters  iu) 

THE  new  COMSAT  NONREFLECTl VE  CELL  is  REPORTED 
TO  have  a GREATER  AIRMASS-ZERO  EFFICIENCY  THAN  THE 
COMSAT  VIOLET  CELL.  THE  RESULTS  OF  AN 
EVALUATION  OF  SPECTRAL  RESPONSE  AND  DjOpE 
CHARACTERISTICS  OF  THE  NEW  solar  cell  ARE  DESCRIBED 
in  this  report,  (author)  iuf 
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DDC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO*  /ZQM07 

AD-A031  893  IO/3  20/5 

NAVAL  POSTGRADUATE  SCHOOL  MONTEREY  CALIF 

examination  of  laser-produced  pressure 
pulses  IN  A GALLIUM  ARSEN  j DE  SOLAR 

CELL.  <U> 

DESCRIPTIVE  NOTE!  MASTERS  THESIS* 

JUN  76  1 2HP  JACOBSON,  JONN  ,?RANK  I 

unclassified  report 


DESCRIPTORS!  *SOLAR  CELLS,  ^PRESSURE  MEASUREMENT, 

infrared  pulses,  gallium  arsenides,  pressure 
gages,  CARBON  DIOXIOE  lasers,  tea  lasers, 
irradiation,  quartz,  gold,  absorption,  theses, 

GERMANIUM,  THERMOPILES  <U> 

identifiers:  «laser  irradiation  <u» 

pressure  pulses  caused  by  irradiation  of  a model 

GALLIUM  ARSENIDE  SOLAR  CELL  WITH  A CARBON  DlOxlDE 
TEA  LASER  WERE  EXAMINED  USING  POWER  DENSITIES  OF 
THE  ORDER  OF  JO  To  THE  7Th  POWER  WATTs/SQ  CM*  THE 
PRESSURE  PULSES  WERE  MONITORED  WITH  A SANDlA  TYPE 

quartz  pressure  gauge,  it  was  discovered  that  the 

RELATIVELY  LOW  POWER  DENSITIES  USED  WERE  CAPABLE  OF 
REMOVING  THE  SILICON  DIOXIDE  ANT  I REFLCC T I VE  AND  GOLD 

contact  layers  of  the  solar  CELL  after  only  A few 
shots  of  THE  LASER,  an  EXPONENTIAL  RELATIONSHIP 
BETWEEN  the  INITIAL  THICKNESSES  of  THESE  LAYERS  AND 

the  pressure  pulse  generated  in  the  gallium  arsenide 
substrate  was  INDICATED  for  gold  contact  layers  of 
less  than  5000  A THICKNESS*  EVlOENCE  WAS  FOUND 
that  the  PRINCIPAL  PRESSURE  GENERATION  MECHANISM  is 
THERMo-MECHANICAL,  gold  films  of  thickness  greater 

THAN  5000  A WERE  FOUND  TO  BE  ABLE  TO  ABSORB  THE 
POWER  DENSITIES  USED  WITH  NO  APPARENT  DAMAGE* 

(AUTHOR)  « U » 
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A0-AO3H  987  10/2  |7/7 

COAST  GUARD  RESEARCH  AND  DEVELOPMENT  CENTER  GROTON 
CONN 

LABORATORY  EVALUATION  OF  SOLAR  PORER  units 
for  marine  aids  to  navigation, 

DESCRIPTIVE  NOTE!  INTERIM  REPT., 

JUN  7 A 79P  RYBA » JOHN  S.  INAUS.OAVjD 

A.  I 

REPT.  NO.  CGR/DC-S/76 
monitor;  uscg  d-joa-76 

unclassified  report 


descriptors?  *solar  energy;  «poRer  supplies, 
•navigational  aids,  •solar  panels,  *sol ar  cells, 

ELECTRIC  BATTERIES,  P.iRFORMANCElENGlNEERlNG)  , 
coast  gUaRo,  marker  lights,  voltage  regulators, 
quality  control,  TEMPERATURE,  laboratory  tests, 
photovoltaic  effect  iu> 

identifiers:  solar  arrays,  specTrolab  arrays  (U> 

THIS  report  DESCRIBES  the  coast  guard 
evaluation  of  solar  energy  as  a pober  source  for 

LIGHTED  AIDS  TO  NAVIGATION.  FlFTY-THREE  SOLAR 
PORERED  AIDS,  On  test  IN  A NATURAL  ENVIRONMENT  at 
GROTON,  CONNECTICUT,  HAVE  BEEN  CONTINUOUSLY 
MONITORED  FOR  Two  YEARS.  SOLAR  ARRAYS  FROM  TRO 
MANUFACTURERS  *ere  tested  rith  neither  BEING  RHOLLY 
SATISFACTORY,  ONE  HAD  MAJOR  QUALITY  CONTROL 
PROBLEMS  WHILE  the  OTHER  SUFFERED  from  inadequate 
SEALING,  three  types  OF  LEAD-ACID  BATTERIES  USED 
FOR  ENERGY  STORAGE  HAVE  ALL  BEEN  SATISFACTORY  TO 
DATE,  THE  TEST  HAS  INDICATED  THE  ADVANTAGES  OF 

voltage  regulation  in  reducing  rater  use  in 

BATTERIES,  But  HAS  NOT  PROVED  THAT  REGULATION  IS  IN 
FACT  REQUIRED  FOR  LONG  BATTERY  LIFE.  THE 
INSOLATION  MEASURED  HAS  SHORN  EXCELLENT  AGREEMENT 
WITH  THAT  PREDICTED  USING  THE  AVERAGES  FROM  A 
SURROGATE  AREA*  ALMOST  ALL  OF  THE  ORIGINAL 
ESTIMATES  THAT  RERE  MADE  TO  PREDICT  SYSTEM 
PERFORMANCE  (BATTERY  CAPACITY  VS.  TIME  OF  YEAR) 

PROVED  TO  BE  VERY  CONSERVATIVE  AND  MOST  OF  THE 
systems  performed  better  THAN  expected* 

(AUTHOR)  <U) 
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